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We propose a newもypeof complex G-matrix interaction called七heCEG07. The 
G-matrix interaction depends on the incident energy as well as on the density of n怯
似.rmedium. CEG07 also includes the effect of thre←body force (TBF) so that it 
gives a reasonable description of nuclea.r-matter saturation property. We first apply 
the CEG07 to the folding-model calculation of the proton-nucleus elastic scatter-
ing by the 12 C and 40 Ca targe七nucleiat Ep = 65 rv 200 MeV. The inclusion of 
TBF la.rgely reduces the st:rength of real-central component of the folding poten-
tial at middle and sh0rt distances. The TBF effect is clearly observed in drastic 
improvements of theωalyzing power at forwa.rd angles， which is， however， due to 
七heTBF e狂ecton the real-central pote:ntials， not to the direct effects on the spin-
orbit poten七ials.The CEG07 G-matrix is also applied to the calculation of complex 
optical potentials for nucleus-nucleus systems and the effect of TBF is also studied 
there. The nucleus-nucleus potential is calculated by七hedouble-folding procedure 
with the use of CEG07 G-matrix interaρtion. The企ozen-densityapproximation 
(FDA) is used凶 evaluatingthe local density We first analyze the 160 + 160 elas-
tic scattering at EjA = 70 MeV in detail. The observed cross sections a.re凶cely
reproduced up七othe most backwa.rd scattering angles only when the TBF effect 
is included. The use of the FDA is essential1y important to properly estimaお the
effect of TBF in nucleus-nucleus scattering. 0七herprescriptions for defining七he
local density have 81so been tested but oIUy the FDA prescription gives a proper 
description of the experimental cross sections as well as the effect of TBF. The 
CEG07 G-matr以 isalso tested in the elぉticscattering of 160 by the 12C， 28Si組 d
40Ca targets at EjA = 93.9 MeV， and in the elωtic scattering of 12C by 12C t紅 get
at EjA = 135 MeV with a great success. The decisive effect of TBF is clea.rly seen 
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A nucleU8 i8 a bound system of protons and ncutrons Wltlun 6 vcry 6maU， almωtSph811('a) 
volume with diameter of about 10-14 m or 10 fm (lfm=10-1~ m). A nucl('sf S併引開 I.!'J
charncterized by its number of protons Z and number ()f neutron$ N. Ther(' ßr~ thous凶 d
of combinations of N and Z that lead to nuclei that artl sufficlentlv long-hv吋 tohfl st¥Jdlf吋
in the laborfLtory. The large number of pωsible comblnations of protons and neutrons 
is to be comparro with thfl relatively small number (~ 110) of ~Iements known to ~Jst 
1n nature (including those artificia.lly synthesi制 inlaboratories)ぐharoct(lri州邸mpl¥'hy 
Z. Figure 1 ShOW8 the chart of the nuclides. Gf¥nf'rally， for問chA = ;V + Z th(lTe悶only
one or a. few comblnatJOns of (N， Z) ha.ving an lnfioltR hfe time to be naturally pCf'oS(>nt 
on Ea.rth in significnnt qua.ntities， whi~h sre callf¥d t hestabl(¥ nndei (or stablE' isotop何).
These nuc1ei are shown by the black square$ 1 Fig. 1 The number of stable nudpi f¥rρ 
known t.o b~ 256. All other comblnations of (IV. Z) SUf¥ ('a1ぞdunstable nud(lI thst sff' 
ra.dioactive and decay lnto other nuclear Sp~l(l8 Th偶enucl~l ar{' shown by t.hfl color吋
squares in Fig. 1 sorted occording to t.heir dominant d肘 aymwhThEme eolorefi by rpd 
sql1ares dominantly decay via the β+ -decay mode hy ~mltting a p~itron (thp 81lt.-partid~ 
of electron) and a neutnno. the blue ones de~ay Vla th~ s--dffsy modfl by emit.ting an 
electron a.nd an anti-neutnno， the yellow ones d肘ayvia the o-d舵aymode by cmitting 811 
α-particle (the 4 He nucleus)，組dthe green ones decay via the sponta.noous胸 l0npr前倒
in which a parent nucleus decays into a pair of smaller fragments (sometiOle5舵∞mpanied
by the emission of neutrons). 
For ma.ny of the nuclei that lie on or c10se to the s-stability line (colored by bl3Ck 
squares)， the ba.sic properties such as the m郎、shape、liIetime and the spinωd excitation 
enegies of low-lying sta.tes are today known experimentally. However， forもhecolor凶
nuclei tha.t lie far away from the かstabilityline， only a limit吋ぽperimentalinformation 
回availableand， for some of which， the fact that it ex也旬組dthe life time are tbe on1y 
experimental infonna.tions. Those∞lored by the gray squares in Fig. 1 are the Duclei that 
are theoreticaJly predicted to exist but not observ吋 norcreated in labor6tory. Tbe liriut 
hωfor bound nuclear syst切回to剖 stare叫 U吋 thedriplin四;the proton dripline for the 
proton.rich side and the neutron命ipline for the neuもron-richside. The exact. poeition 




Figure 1: The chart of the nuclides， showing al nuclides七ha七haveso far been observed 
experimentally as a function of their proもonnumber Z and neutron number N. This figure 
おtakenfrom Ref. [1]. 
the nuclear chart aJre drawn according to theoretical predictions (ωd therefore it depends 
on the theoretical models) 
In the last two decades， the teritory of unknown nuclei have been reduced rapidly owing 
to the amaizing experimental development of technologies for producing the radioactive 
ion beams (閃R町1b加e細 S吋)and D伽Oωrnu吋I
i比ti邸白 i泊nthe w附orωld，including RIKEN (Japan)， and our knowledge of nuclear structure of 
unstable nu.clei is n0W significantly"increasing as experiments strive to cover the unknown 
territory out to the extreme limits of nuclear stability. 
On the other hand， nuclear reactions have been studied extensively， b加otぬhexperimen-
句句凶叫，llya 
?一陀附抗れa飢似C∞cωu附 by us叫 p附r附句ωimS印e勾 ermn凶t凶a山 C伽h叩附e邸SτT百恥可'h悦 da御t凶aa悦r陀.泡eoft仇en…a叫I
in terms of theoretical reaction models; such as the compound nucle飢u悶smodel and the ' 
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Figure 2: Rutherford ratio of cross sections calculated by DFM with JLM interaction for 
αel鉛 ticscattering by 12C (le仇)and 160 (right) targets at E.α= 48.7 rv 172.5 MeV [14]. 
The experimental data are taken企omRef. [20， 21， 22， 23， 24]. 
with the use of complex G-matrix N N interaction. 
The G-matrIx folding model for N A system has a long history [2， 3，4， 5， 6， 7，8， 9， 10]，
where various kind of G-matrix interactions were proposed and applied to the analyses 
of nucleon-nucleus elωtic scattering more or les successfully. 1n derivations of these G-
matrix interactions， the adopted N N interaction models are di釘erentfrom each other. 
However， these works are successful in the derivation of the N A optical potent凶 withG-
matrix interaction from a microscopic view point. On the other hand， for AA system， the 
first effective N N interaction is to introduce a phenomenological density dependence by 
hand so as to simulate the density dependence of original G-matrix in low-density region 
below the saturation density and extend it to higher-density region by ぉsuminga suitable 
functional forms for the density dependence (such as DDM3Y [1] and CDM3Y [12]) 80 
as to be con8istent with the empirical EOS of nuclear matter [12， 13) (In these cωes， 
however， only the real pa此 ofG-matrix is used in the folding calculation of AA optical 
potential and the imaginary part凶treatedin a completely phenomenological way.). 
We have recently applied a complex G-matrix interaction called JLM [4] toα-nucleus 
system to obtain the complex optical poもentialbωed on the double-folding model (DFM) [14). 
5 
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Fugure 2 showsもhesuccessful examples of α-nucleus elぉticscattering. However， there 
remains a serious problem， which is the problem on the renormalization factor for the 
real part of the folding p仰 ntialNR needed to fit the experimental da凶 Itwasおunq
もhatone needed to reduce七hereal potential strength obtained by DFM with the JLM 
G-matrix by about 25 %， namely we need to use NR rv 0.75. However， inthe case of 
proton-nucleus system， no renormaliz抗ionfactor was known to be needed to the rea;} 
part of single-folding model (SFM) potential obtained with七heJLM G-matr以 tore-
produce the experimental data of proton-nucleus elas七icscattering. This implies that a 
consistent description of N A and AA scatもeringcannot be attained by the JLM G-m剖rix
in七eraction.In Ref. [14]， we pointed out that this problem of the renormalization factor 
for DFM was closely related to the prescription of LDA. It is of particular importance for 
AA sys七emswhat sort of prescriptions of LDA is chosen when two colliding nuclei exist. 
As for the AA system， the local density is usualy defined by the sum of densiもiesof the 
colliding nuclei， Pl+ P2， which may exceed the nuclear-matter saturation density Po in a 
heavily overlap region and could reach about twice this value. This prescription for the 
local density is caliled the仕ozed-dellsityapproxim抗ion(FDA). In such a high-density 
region， we may expect加 e鉦ectof the thret-body force (TBF). However， althe exsiting 
G-matrix interactioBS applied so far to the N A scattering problems were only designed for 
densities below the s抗urationdensity Po with七heuse of tw<φbody N N interactions only. 
Another prescription sometimes used to define the local density is the average-density 
approximation (ADA) that adopt the averaged value (P1 +ρ2) /2 instead of the sum of 
them ρ1 + P2 (FDA)， sothat the local density does not exceed the sa七urationdensity. 
However， this prescription apparently underestimate the local densi.ty of the AA system 
in overlap configurations， which leads to too deep potential strength at short distances 
and， hence， one needs to significantly reduces the poもentialstrength [14] to reproduce the 
experimental data. The presc均tionused in Ref. [14] was the ADA p:resαiption. Therか
fore， this average prescription may not bring about the expected effects of three-body 
force in such situations. On the other hand， the former FDA prescription is known七o
be quiもesuccessful， for example， toreproduce the nuclear-rainbow scattering and related 
refractive-scattering phenomena observed in light heavy-ion scattering such as 160 + 160 











It is well known that， inthe the lowest-order Brueckner theory， the empirical saturation 
point of nuclear matter (the binding energy per nucleon E I Aぉ 16MeV at a saturation 
density Po勾 0.17fm-3) cannot be reproduced as long as one uses only the two-body N N 
interactions [16]. In order to obtain the reasonable saturation curve， itis indispensableもo
take into account the additional cont巾 utions of thre争bodyforces (TBF)， that consisits 
of two parts， the threφbody attraction (TBA) and the thre←body repulsion (TBR). 
The important role of TBF is now widely understood in nuclear structure calculations. 
However， the effect of TBF discussed in the structure calculations is relevant toもhe
infomation in the low density region below po・TheTBRe百'ectin the high-density region 
has not been studied well because no such high-density nUcle紅 matteris available on the 
earth and it has mainly been duscussed in connection to the high-density nuclear matter 
in neutron st釘sor supernova expulsions. Therefore， nucleus-nucleus (AA) scattering 
will provide a unique ~est ground of the TBR effect in high-density nuclear matter in 
laboratories. 
In fact， itwas pointed out [12] that， when the refractive-sca胤 ringphenomena were 
studied on the bぉisof DFM potentials， itwas important to use an effective N N in-
teraction designed to reproduce the realistic saturation property of nuclear matter. In 
Ref. (12)， the authors used a phenomenological density-dependent N N interaction， called 
the CDM3Y， the density dependence of which was artificially taken to be consistent with 
the empirical saturation property of nuclear matter by hand. as previously mentioned 
and， hence， ithad no longer any logical relation to the three-body force orωy other 
effects induced in a realistic G-matrix calculation. 
Recently， we have proposed a new complex G-matrix interaction [17]. In our approrch， 
the new complex G-matrix interaction is calculated in the same mannerωthat used to 
obtain the complex effective potential with gaussian form factor (CEG) that was originally 
propωed in Refs. [6， 8]. However， our new complex G-matri.x interaction， called the 
CEG07，出 basedon the Extended 80仇Core(E8C) [18， 19] model for the仕傍spaceNN 
interaction called the ESC04， that is the 1鎚 testversion of the E8C potential. In addition'， 
CEG07抱designedto be applicable up to high density region near twice the saturation 





At the first step， we applied the CEG07 with the effect of TBF included to the analysis 
of the proton-nucleus elastic scattering by SFM in Ref. [17]. All the measured cross 
sections and analyzing powers wrer well reproduced， aswil be shown in chapter 3， by 
the folding poもentialswhen the e百ectof TBF was included so as to give the reasonable 
saturation property. 1n this七hesis，we will showもheimportant role of the TBF effects 
for the N A systems once again in more detail， including the analyses of the k-mωs effect 
and the defini tion ofもhelocal density as well as the effect of density profile of the target 
nllclei. Finally， we will discuss the problem of the SFM method for N A system in this 
paper. 
1.2 The aim of the present study 
The final goal of this study is to establish a microscopic theory for constructing the 
complex op七icalpotential for nucleus-nucleus (AA) systems starting from basic，合eφspace
nucleon-nucleon (N N) interaction. To this end， we apply CEG07 not only to the N A 
systems but also the AA systems. For AA system， various analyses are done as in the case 
of N A system. These analyses include two pOl1ts that form the motivation of the study 
presented in thifthesis.First?we Will malte clear the important role of TBF?particularly 
TBR effect， athigh density region not only on the saturation property of nuclear matter 
but also on the nuclear reactions of finite AA systems. The important role of TBF is 
discussed in Sec. 4.1.1 and Sec. 4.1.3. Second， we will make clear the validity of FDA as 
the prescription of defining the local density in the case of AA scattering systems， that 
forms the basis for TBF to play an important role in the AA systems. Forもhispurpose， 
various prescriptions for defining the local density wiU be tested in Sec. 4.1.2 in detail and 
we will show how the FDA gives a consistent description of the AA scattering and the 
TBF efect. 1n addition， the effect of the k-mass and the spatial positions for evaluateing 
the local deRsity are also investig8lted in the case of N A sys七ems.The final chapter will 














On the ba.sis of the method given in Ref. [6]、wederive the G申matrixinteractions in 
symmetric nuclear matter including a propagating nucleon with a positive energy E and 
a momentum k. Here， the important parts of the formalism are recaptured. 
Let us consider the nucleon pair of a moving nucleon with mornentum k in the unit of 
九むlda bound nucleon with momentum p in nuclear matter with the Fermi momentum 
kF. Relative and center-of-mωs momenta紅 eglvenぉ 丸 =(k-p)/2 and Kc = k+p， 
With a N N interaction V， the G-matrix equation giving the scattering of respectively. 
the pair in medium is represented as 
(2.1 ) 
~ T T Q(ql，q2) G(ω) = V+、:v 1 ~ ~'2 1' '2:1\ ， _G(ω)ーtz; ω一仇 )一仰2)+ tε 
energy in an intermediate state with momentum q， where e(q) is a single particle (s.p.) 
and Q(ql， q2) is a Pauli blocking operator defined by 
(2.2) 
if ql，q2 > kF ， Iqt， q2) 
otherwise . 。Q(ql， q2)Iql， q2)= 
The starting energyωis given as a sum of the energy E(k) of the propagating nucleon 
釦 dthe single-partiω (s.p.) energy e(p) =長p2+ U (p， e(p) of a bound nucleon 
The G-matrix calculations are perfonned with the sかcalledcontinuous choice for in由
もerm吋iatenucleon spectra， playing an偲sentialrole especially for imaginary parts of 




are calωlated self-consistently not on1y for bound states (q < kF) but also for intermediate 
states (q > kF). The scattering boundary conrlition te in the dominator leads to complex 
G-matrices， summation of which gives the cornplex S.p. potential U(q， e(q)). The plausible 
way国ω凶 ethis selιcons凶tentcomplex potential in G国matrixequation (2.1). Avoiding' 
numenω1 complexitilω in such a procedure， however， we凶 ehere its real part UR(q) = 
ReU(q，e(q)) in the self-c∞sistency proc関山 welωvariousworks in the pωt [2) 3， 4， 
5， 6， 7， 8， 9， 101. Then，色he~nergy E andもhemomentum k of the propagating nucleon 
9 
， 
are determined by the dispersion relation E(k) =長k2+ Re U(k， E(k)). If we use the 
complex S.p. spectra in the intermediate states， the obtained irnaginary par七sin the 
G-matrices may be changed significantly from those in the present treatment. 1n our 
analyses for p-nucleus， however， the imaginary parts in the folding potentials derived from 
G巴matricesare adap七edphenomenologicaly so as to reproduce the observed toもalreaction 
cross sections. Therefore， our important conclusions in the present work are considered 
to be rather independent from theoretical ambiguities of the calculated imaginary parts. 
The G-matrix equation (2.1) is represented in each (T， S， L， J) state of a pair. L， S 
and J are angular momenta of relative-orbital， spin andもotalstates， respectively， and T 
denotωisospin. The N N interaction including tensor ∞mponents is written as V[f，勺)
The equation in coordinate space is expressed as 
ud必ψ似伽z立官倣加fジ釘怜hfペ伶仇川(φh川γ川吋;冴川qω)=可3川 LμL'+ 匂[0子F∞勺勺川ア〆f川2匂d
FιL(仏η川T〆片川fぺV;冴川qω)=土 イf∞山イ Q仰(ωq'ぺ丸3λ九;kp)ヤωF吋j九以バμ(付イりTヤ叫似yμLバ(イψW判〆ηf) (附2μ刈4め) 
2がん ω一(祭q，2+ 令K~+ U R ( q'+) + U R (q' _) ) 
where jL(qr)おaspherical Bessel function for incident momentum q and uIfl (r; q) is the 
corrωponding scattering wave function.Q，kcand qL are the angle-averaged expressions 
for the Pauli operator Q， center-of-mass momentum Kc and I q'土~Kcl， respectively. Then， 




U(k， E(k); kF) 
with 
肌 kF)=走件(k-2q)2) (2.7) 
As an important higher-order effect， we take into account the contribution仕omthe 
80 cal1ed starting-energy rearrangement diagram. Then， the s.p. potential is given as 
U(k， E(k); kF) = (1ー た)U(k，E(k);kF) . (2.8) 
Here，κis the averaged value of the correlation probability κ(p)， p being a bound-state 








The G骨 matrixinteraction represented as a local form in the coordinate space can be 
given as follows [3]: 
GIzf(r; k
F
， E(k)) = ~~OO q2dqZ(q; k， kF )ju(qr)乞LHVZU(T)U15(T;q)， (29) 
- Jooo q2dqZ(q; k， kF )ju(qr)JL(qr) 
where the q-dependence in the G-matrix (2.5) is averaged over so as to reproduce the s.p 
potential (2.6) in the first-order perturbation. The apparenもた-dependencein the right side 
is attributed to the E-dependence through the dispersion relation. The obtained inter-
action GIrJ (r) is simulated by a linear combination of Gaussian functions with different 
range parameters separately for real and imaginary parts. The 1-independent central 
parts GIr(r) are obtained by averaging GIrJ(r)凶 hthe statistic叫weight(21 + 1). The 
LS components also are given by the ad叩 atelinear combinations of CfIfJ on J. The L-
dependence of CfIr (r)おfurtheraveraged for each parity st仰 withthe statistical weight 
(2L + 1) Jooo q2dqZ(q; k~ kF )JL(q巾L(qr)[3]. The obtained potential crS(γ) is re-fitted in 
a three-range Gaussian form，土 denotingeven and odd parities. 
As for the N N interaction model， we adopt the Extended 80仇 Core(ESC) model 
proposed by Th.A. Rijken [18， 19]. Though many N N interaction models have been pro-
posed so far， the recent models reproduce the experimental phase shifts equally well. The 
G-matrix interactlOns derived from these models as wel1 as E8C are considered to give 
rise to similar results for nucleon-nucleus scattering observables. A reason for adopting 
ESC here is in the nuclear saturation problem. As well known， the empirical saturation 
po凶 cannotbe reproduced byもhelowest-order Brueckner thωry (the G-matrIx approx-
iH凶 ion)，even if one use any two-body N N interaction model. This deficiency can be 
corrected clearly by introducing the thre←body force (TBF) composed of the three-body 
attraction (TBA) and the threかbodyrepulsion (TBR) [25， 26， 27]. The TBA is typically 
due to twかpionexchange with excitation of an intermediateム・resonance，that is the 
Fujita-Miyazawa diagram， which gives an important contribution at low densities. In this 
work， we derive the effective two-body interaction from the TBA， which is added on our 
G-matrix interaction， according to the formalism in Ref. [28]. In our calculations， the 
pionic form四factormass is taken as 420 Me V rather arbitrarily， the N N correlation effect 
for the TBA is not taken into account. Then， the TBA contribution at normal-density 
matter抱一2.3MeV. Though out treatment for the TBA is not so rigorous quantita噛
tively， the TBA contribution does not bring about meaningful effects on proton-nucleus 
11 
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scattering observab1es， asshown 1ater. 
The ro1e of the TBR isfar more importan七thanthat of the TBA in our present anal-
yses.The TBR contribution becomes more and more remarkable as the density becomGP 
higher， which p1ays a decisive ro1e for the saturation curve. Itis well known that such a 
TBR efIect is indispensable to obtain the stifI equation-of-state of neutron-star matter as-
suring the observed maximum mass of neutron stars. However， the origin of the TBR isnot 
necessarily estabHshed. In the ESC approach， the TBR-like e任'ectsare represented rather 
phenomeno1ogically as the densi勺r-dependenttw，かbodyin七eractionsinduced by changing 
the vector-meson masses Mv in nuclear matter according to Mv(ρ) = Mvexp(-αvp) 
with the parameterαv. As mentioned in Ref. [19]， this TBR-like contribution introduced 
in ESC is found to be very similar to that of the phenomenological TBR in Ref. [25] given 
as the density-dependent two-body repulsion. 
Figure 3 shows the saturation curves obtained from the G-matrix calculations with the 
continuous choice. The solid curve is obtained from the two-body interaction ESC only， 
and the dotted one includes the TBR contribution with αv = 0.18. The dashed (dot-
dぉhed)curve inc1udes both the con七riblltionsfrom the TBA and the TBR with αv = 0.18 
(αv = 0.11)・Thebox represents the area in which saturation occurs empirica均・ The
minimum point of the solid curve is far fromもhisbox， and those of the dashed and dotted 
ones come close to the box owing to the TBF contributions. It should be noted that 
the rapid-rising behaviors of the dashed and dotted curves at the high-density region are 
callsed by the TBR contributions. The TBA contributions are seen in the change from 
the dotted curve to the dashed one， which are found to be moderate as a function of 
density. This means that the TBA is not so relevant to forms of nucleon-nuc1eus fo1ding 
potentials dHferent1y frorn the TBR. The nuclear incompressibility K is an important 
quantity to characterize the saturation curve. The obtained values of K are 84) 173 and 
260 Me V， respective1y， inthe cases of solid， dot-dashed and dashed curves. The strong 
TBR (αv = 0.18) contribution in the last case brings about the large values of K = 260 
MeV， which is consistent with七heconstraint by the observed neutron-star mass and the 
production data of hard photons in high energy cent凶 heavy-ioncollisions [13]・
Our Gaussian-parametrized G-matrix inぬractionis named CEG07. Inもhiswork， we 
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Fi♂江e3: Saturation curves for the four types of G-matrix interおもions.Seeもextfor the 
is derived仕omESC only， and CEG07b is derived from ESC + TBA + TBR (αv 
0.11)， also 
meaning of four kinds of curves 
In the case of CEG07c derived from ESC + TBA + TBR (αv 
the ω-rearrangement effectおtakeninto account， which works repulsively. The repulsive 
contribution.s in the cases of CEG07b and CEG07c are due to the stronger TBR and the 
moderate TBR added by the ω-rearrangemenleffect， respectively. We have pararneterized 
the calculated values ofκin Eq. (2.8) as a function of kF: 
(2.10) κ= 0.04113 + 0.05881 kF + 0.02179吟
WeもesもedaJso the version derived from ESC + TBR (αv = 0.18) without the TBA 




those for CEG07b: The role of the TBA is not essential for the quantities diSCUBSed in 
もhispaper. 
， 





Figure 4: The coordinate system used in single-folding model. 
Now， we apply七henew types of G-matrix interactions， CEG07a-CEG07c， to the 
calculation of proton-nucleus optical potential bぉedon the folding model and examine 
them by comparing with experimental data of cross section and analyzing power of the 
proton-nucleus elastic scattering. 
In general， Schrりdingerequation will be writ七enas follows: 
ま~2 r 一元v2宙(Tl)+ら(Tl)宙(Tl)+ / UN山川町州T2= Ec.m宙(Tl)， (2.11) 
where UD(Tl) and UNL(Tl， T2)are the local and nonlocal potentials， respectively， which 
correspond to the direct and exchange parts of the folding potential discussed before. 
Ec.m.泊thecenter of mass (c.m.) energy)μis the reduced mass of the proton四nucleus
system and 宙 isthe sc拭teringwave function. In this paper， we approximately localized 
the nonlocal potential in the following way: 
宙(T2)~ exp (ik . s)宙(Tl) (2.12) 
where the coordinate 8 is the relative vector between the incident proton and a nucleon 
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(2.13) -2W(Tl)+(川)+ f U1'lL(rlη)肉体制r2}剣山
" 
民・-P2曽(山
Finallv. the lo(、aliZMThen‘~ obta.in the localizro e.xchangt' part of O~IP as UEX (7・d
O~IP is obtained 脳 foHov.;ng:
(2.15) 【'SF= Cn + l'EX. 
(2.16) 
Then、loca.lizedproton-nudeus ('onlpl~x O:¥IP wlll he written 8s 
ν(. + 1 n'C + (~lS + I n '['$)l .σ+ Vc.ω11 CSF 
(2.1 i)
whert'> ¥.モ andu，'c denote th(l realωd lnuJ.guU¥rv coulponents of the cent ral part of O:¥IP， 
Uc + (TLsl・σ+¥'Coul・
.C:c、whlle¥ I.sand Hい町村hereal and ima.ginary ('omponents of the spin-orbit (LS) pa口、
C，凶.and ¥ COIlJ 15 t he Coulomb potentiA.l 
In this paper. we construct the proton-nudeus O~IP h俗~ on the folding model using 
tbe thre←types of new complex G-mf¥tr収入.Vmtera付ionsintroducro ln the p問、tolls
総ctlon.The 何 ntral and LS parts of t he 人'.Vlnt~raction give rise to the ('(lntral and LS 
parts of th(l proton-nucleus folding-rno<i~l potentlal (F:¥IP)， resp町、tiveiy.
For the刊以凶 part.¥-"e c剖culatedF:¥IP on the san1e method d附巾erlin Ref. [6} 
The central part of proton-nudeus F~tP af an incident ~nergy Ep is gi~n by 
(2.18 ) 叫ん)= J P(rl}TD(o:ρEp}ん jρ(r1片門
wh符eρisth~ nuclron local denmty of the target nudeus， the definition of which will be 
given tater on 
Here. wぞ猷ioptthe fol1何lngpr関criptiOBLto perform the integration in the seぐond
tel Ul of Eq. (2.18)， 
(2.19) exp (ik ・ 8)~}o(ks) ，
tl剛， tbe proton-nucleus FMP is written a.s 
(2~20) U仇 Ep}詰 JP("2)戸川ι)d1'2+ J P( 1'1> r;)門 mι)io(ks)叫
15 
， 
The direct (D) and exchange (EX) parts of G-matrix iDteraction are written as 
D，EX _土(土t∞+3t01 + 3t10土9tll)， 16、，， (2.21) 
. 
in terms of tST， the spin-isospin component (8=0 or 1 and T=O or 1) of the G-matrix 
interaction. Here， the upper and 10wer part of the doub1e-sign symbo1s correspond to the 
direct (D) and exchange (EX) parts， respective1y. The 10ca1 momentum k which appe釘 S
in Eq. (2.20) is defined as 
k=[言{ιmー陥M (2.22) 
where μおthereduced mass of七heproton-nucleus system. 
Here， the 10ca1 density p iseva1uated at a midd1e point of the interacting nucleon pair， 
(rl + r2) /2， except in Sec. 3.3 where we will test other prescription to eva1uate も仕helocal 
dωen郎sitytωo be u凶se吋di凶nthe s討if略 1e由イfおuldir時 model (σSFM) calculation. The density matrix 
p(ケr、:ゾ3グr〆川.'つf)is approximated in the same manner as in Ref. [29]; 
れ〆)=ゴづ1(kpf . s)p (r-: r') 
ルF -" ， LJ / 
where kFf is the efIective Fermi momentum [30] defined by 
!fQ，.2r.¥2/3 I 5Cs[Vρ2) I 5V2p )1/2 kpf = ~ (3πpY，j3 + …+でv'-P ~ 
l . -， 3p~ ' 36p J 
(2.23) 
(2.24) 
where we adopt Cs = 1/4 following Ref. (31). The di妊erentvalue of Cs = 1/16 was aJso 
suggested [31]・So，we have tested the latter value but we have found that no significant 
di百'erencefromもhecase with Cs = 1/4おobservedin七hepresent proton-nucleus scatもering-
The proton-nucleus spin-orbit (LS) potential is also calculated by folding the LS part 
of the G-matrix interaction with the nucleon density of the target nucleus， which is aJso 
composed of the direct and exchange parts; 
ULs(rl; Ep) = UES(rl; Ep) + Utt(rl; Ep). (2.25) 
The direct part of the folding-model LS potential is calculated inもhesame way as in 
Ref. [7] ; 
鳩山)= 4~? J Tl . (Tl -T2)仇淵 (2.26) 
， 
• 









Ref. {17] ; 
1 r+1 J..7JEF(siρ， Ep) i 3 宵
; / 1 d1.u -Ld ¥ ~~，..， -VI k~; . SJl(kpl1 . s)ァp(x)
J 一1 X L ん吋F. δ αωx "Ix= 、ゾAμ+sρ2勺/4糾+rη19ω 
+村切S叩p(ωz刈)芸ふk符帆2
uωゐ Ix=、ゾ/rrド+S2勺/μ4朴+rη1Sω uyl y J 1 'tJ=k~fJ sJ 






こ/ ル Ttt(s;p， Ep) LP:_J1(k'FfI. S)p(y) 
j-1 3 P Kf-s |炉、/ri +s2 /4+r1ω 
ρ1(rl1s) 
The detail of this calculation is given in App. A. The L8 part of the G-matrix interaction 
is also written as follows; 
(2.30) 岱EX=j(tS 土 3tt~ )
The meaning of the above expressionsおsimilarto that of Eq. (2.21). 
Double Folding Potential 2.3 
Figure 5: Tbe coordinate system used in double-folding calculations. 












tial can be written as a Hartree-Fock type potential; 
UDF 乞 [く川町tj 〉+くりITEX Jj~ >] 
tEAltJEA2 
Uo + UEX， 
(2.31 ) 
(2.32) 
where TD and TEX are the direct and exchange parts of complex G-matrix interaction. 
The exchange part is a nonlocal potential itl general. However， by the plane wave repre-
sentation for the N N relative motion [32， 33]， the exchange parもcanbe localized. The 
direct and exchange parts of the localized potential are then written in the standard form 
of DFM potential as 
叩 )= J Pl(rl附 (2.33) 
where 8 = r2 -rl + R as shown in Fig. 5， and 
U以 (R)= Jμ《州(川+ω山一山
pベイr(「{ik
仇k( 2 s}ト1 drldr2・ (2.34)
Here， k(R) isもhelocal momentum for nudeus-nucleus relative motion defined by 
。 2mMk:t(R) = 
_， ~:~ r4 {Ec.m -ReUF(R) -Vcoul(R)} ， (2.35) 
where， M = A}A2j(A1 + A2)， Ecm is the center-of-mass energy， EjA is the incident 
energy per nucleon， m is the nucleon mass and Vcoul is the Coulomb potential. A1 and A2 
are the mass numbers of projectile and target nuclei， respectively. The exchange part is 
calculated selιconsistently bぉedon the method of local energy approximation through 
Eq. (2.35) in the same manner as in Ref. [29]. The detail methods of calculation D伽Oωr[fJらD 
(仙di命kr附e
respectively. The ful detail of these calculations is given at App. B. 
In七hiscalculation， we employ the so-called台ozendensity appro幻mation(FDA) for 
evaluating the local density， except in Sec 4.1.2 where we will test other prescriptions than 
FDA for evaluating the local density for AA systems. In FDA， the density-dependent N N 
interaction is assumed to fel the local density defined as the sum of densities of collidiag 
nuclei evalu抗edat the mid-point of the interacting nucleon pair; 




FDA hωalso widely been used in the standard DFM calculations [12， 13， 15， 35). The 
?
?????
prescription of the local density appr似 imation(LDA) was discussed in Ref. [14， 36， 37) 
‘ー
We will discuss in more detail in Sec. 4.1.2 how one should define the Ioca1 density to be 





3 Proton-Nucleus elastic scattering 
We now show the calculated FMP and its application to the proton elastic scattering 
by 12C and 40Ca at incident energies of Ep = 64.9 rv 200 MeV. For 12C， the nucleσn 
(point) den5ity is taken from Ref. [38J which is obtained by the 3α-RGM calculation by 
Kamimura， while for 40Ca， the density is deduced from the charge density extracted仕om
electron-scattering experiments by unfolding the charge form factor of a proton in the 
standard way [39J. 
The G-matrix approach is known to somew hat overestimate the imaginary pa凶 of
optical potential [6，7J and one has to introduce a renormalization (reduction) factor to 
the imaginary part， which is also the case with the present FMPs. 80， we introduce the 
renormalization factor， say Nw， tothe imaginary part of calculated FMP， which we take 
to be common to the central and L8 components， as
USF = Vc + iNwWc + (九s+ 'tNWWLS)e・σ+lゐouJ・ (3.1) 
We then fix its value so that the renormalized FMP reproduces the experimental data of 
proton-nucleus total reaction cross sectionc; as has been done in Ref. [1オ.ln this paper) 
we just refer to the values 80 obtained， sincfl detail method and the processes were already 
given in Ref. [1可.
Once the renormalization factor for the imaginary part is fixed by the constraint of 
reproducing the total reaction cross seciions， no freely adjustable parameter is left in 
the present model for comparing the calculation with the experimental data for proton-
nucleus elastic由scatteringcros sections and analyzing powers. Therefore， it may become 
possible to judge which vergion of the G-matrix interaction is the most successful inもhe
description of proton由nucleussystems b.nd to estimate the role of effects included in the 
G-matrix interactions， such as those of three-body force. 
Figure 6 showsもheelastic-scattering cros sections and analyzing powers calculated 
from FMPs with CEG07a and CEG07b for 12C and 40Ca targets at Ep = 64.9 rv 200 
Me V which are compared with the experimental data. Boもhthe cross sections calculaもed
by FMPs with CEG07a and CEG07b wel reproduce the angular distributions of the 
experimental data around forward angles. However) for 12C and 40Ca targets， boもhresl!比s
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Figure 6: Rutherford ratio ofぐrωSSE'ぐtlonsand 8nalyzing powers for proton elastic s('at-
teTIng by はC(lぬ)a.nd IOCa (right) at Ep =ω9. 122 RJld Z∞λleV and 65. 152 and 200 
~IeV. which are ('ornparPd 9.ith t hefolding model calぐulations¥¥ith the two h下esof ωm-
plex G-matnx lnteraぐtlonsThe dotted a.nd sohd ('ur、明afethe results wlth CEGOia and 
CEG07b. rffip~('tlvely Thp ex~rimental data are tak~n fron1 Ref. (40. 41. 42、43，44. 45]. 
polnt will be dl8('Us.W<"l later. The analロJngpowers ('aknlated br F~IPs y;ith CEG07h well 
reprodua th~ angular distributions of expenmental data up to backward angles. while 
the calcu1atlons inth CEG07a do not reprodu~ the data. particularly at forward angles、
保 ceptおrEp . 6.5 NleV for both targets Th~ dpV1ation from the data is partictuarly 
signilic組，tat Ep = 122 i¥'leV for 11C target and Ep = 152 ~leV for 40Ca target ぞ網~.
Thi..~国 8clear evidence of important role of TBF efeでtwhich is induded in the CEG07b 
interaction. 
~ext. wt' compa.re FMP of CEG07a with the one of CEG07b for 12C and 40Ca target 
nuclei in tbe c舗eof Ep = 122 and 152 MeV， respectively. FiguI'fl 7 shows th~ reaJ and 
im毎戸l8I'Ypaωoftbe使鴎ralandLSωmponents of FMP for llC and ωCa target nuc1ei. 
Theet恥ts01 TBF on the celωlated potentirus are very similar for the two ta.rget nuc1ei， 
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by two types of G-matrix interactions for 12C and 40Ca targets evaluated at Ep = 122 
and 152 MeV， respectively. The dot七edand solid curves are the results with CEG07a and 
The imaginary parもsof the folding potentials are multiplied by CEG07b， respectively. 
， 
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nuclei. The e狂的tof the TBF is clearly seen in the short and medium-range region of the 
rω1 centraJ potential by comparing the CEG07a results with the GEC07b ones， the latter 
containing the TBR and the TBA contributions. It is found thatもhelarge contribution 
of TBF in the real central FI¥1P is mainly due to the TBR contribution， whereas the TBA 
contribution is found to be small in the real central pa吋. As for the imaginary part， 
the results with CEG07a and CEG07b have a very similar shape over the whole radial 
rωge. However， this does not necessarily imply that the TBF e偽cton the imaginary 
Fi¥IP is negligible. In fact， itis found that the individual contributions of TBR and TBA 
to the imaginary Fi¥IP， which釘 enot separately shown here， are rather large but they 
have opposite effects and cancel out， leading to an almost negligible e偽ctas a whole in 
the imaginary central FMP. In the L8 part of FMP， litle difference is observed between 
the two types of interactions. It is noticed that a small but visible difference is observed 
in the imaginary part of.L8 potential. but one should note that the absolute magnitude 
of the imaginary L8 potentials themselves is very small. 
It should also be noted that the large effect of TBF on the analyzing power is not due 
to the change of the L8 part of folding potential with the inclusion of TBF but mainly due 
to the change of the real咽centralcomponent of the folding potential‘the strength of which 
is mωt strongly affected by the inclusion of TBF. In fa.ct‘a“modified CEG07b" potential 
in which only the real申 centralcomponent is artificially replaced by that obtained by the 
CEG07a interaction gives the analyzing powers that are very close to the CEG07a results 
(the dotted curves in Fig. 6). One should note that the analyzing power is composed of the 
product of the vector component of scattering amplitude that is mainly governed by the 
LS potentia1 and the S<'"alar component that is mainly governed by the central potential 
and， inthe prωent cωe. the large change of the real-central component of folding potential 
with the inc1usion of TBF is the main source of the drωtic change of the scalar component 
of舵atteringamplitude whicb leads to the improvement of the analyzing power at forward 
angles. 
3.1 Comparison of SFM calculations with CEG07b and CEG07c 
In this絢ctぬn，we compare CEG07b with CEG07c. CEG07c hωthe ω-rearra.ngernent 
















sent the TBR-like effect and in that the latter contains the effect ofω-rearrangement dia-
gram me凶 onedin Sec. 2.1. (Eq. (2.8)). The parameもerfor TBR-like effecもisrepresented 
ωthe densi仔 dependenttwかbodyinteractions induced by changing the vector-me… 
masses Mv in nuclear matter according to Mv (p) = Mv exp (一avp).
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Figure 8: Same as Fig. 6 but for the comparison with CEG07b and CEG07c. The solid 
and dashed curves are the results with CEG07b and CEG07 c.
Figure 8 showsもhecalcula七edresults of the elastic cross sections and analyzing powers 
by FMPs calculated with CEG07b and CEG07c for proton elastic scattering by 12C and 
40Ca at Ep = 64.9 rv 200 MeV. It is seen that FMPs with CEG07b and CEG07c give 
similar angular distributions of cross sec七ions.A close comparison with the data shows 
that CEG07c gives a slightly better fit to the data at backward angles， whereas at forward 
angles， the results with CEG07b are slightly close to the experirnental data. However， 
it is rather difficult to say thaもoneof them is apparently better than the other. 1七is
much the same as for the analyzing powers， althouth the fit to the data is apparently 
much better than for the cross sections， because both interaction contains the effect of 
TBF. From the similar results of CEG07b and CEG07 c， we can conclude that the effect 
ofω-rearrangement diagram can almost be simulated by changing the vector-meson mass 













3.2 EfFect of k-m舗 S
ln this持ction.~ show tM ~1fE'マt of k-nl制民. \\"hE'n 、~"(' cakulatE' the imaginarv part of 
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f~tor .'、ふ .._-hlChis fixed ~倒的 ff>>produ('ro f hf-' o~~r'\吋 total r側 、t10n ('ros..~剤、tions
for proton-nucl~u:-\ ~\~t E'm8 
忌)meoof th~ r~lllt$ ar~ shov."1l a~aln hv t.ht>叩hdcur、明 lnF 19. 9 Wht>Tf' 入ふ = 0.60. 
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of total re町、tlonCf(間"はぬiflShy fhe barP lmap:inary potential obtainro by G-matrix 
ぐannotbf・reco納付 bythe introouction of the A--m鰯 inour r剖 istic-G-nlatrix folding 
m伺 elぞak¥lattonof pr'悦併トmcimmsystemR下hf'r何 ，ultsdl'(， shown by the dott~ {'un明
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Figure 9: Same as Fig. 6 but for the comparison with and without the e宜'ectof k-mass 
with CEG07b. The dotted and solid curves are七heresults wi七hand without the k-mass， 
respectively. 
3.3 Evaluating point of Local density 
When we apply a density-dependent G-maもrixinteraction obtained in a uniform nuclear 
matter to the calculation of FMP for finite nucleus， we have to chose spatial positions at 
which we evaluate the "local density" to define the G-maも以(localdensity approximation; 
LDA). However， there is no a pnon definition for such spatial positions. 80， inthis section， 
we test four types of prescriptions for spatial position of evaluating the local densiもYto 
be used in the calculation of FMPs; 
p 
1 
2{p(rl) + p(r2)} (3.3) 
ρ(η) (3.4) 
p(r2) (3.5) 





Here， we name the LDA prescriptions given by eqs. (3.3) to (3.6) as LDAlsもoLDA4s， 









Surprisingly，もhedotted curves give a better agreement with the cross section data than 
the solid curves， particularly at backward angles for higher enegies. The change from 
the solid curves to the dotted ones may be interpreted as follows: 1n general， the charge 
density has a slight longer range and a more diffuse surface compared with the matter 
density because of the finite size of proton charge distribution around the C.m. of a proton. 
This leads to a slight longer range and a more diffuse surface of the proton-nucleus folding 
potential when we use the charge density in place of the matter density. A combined effect 
of a slight increase of interaction range and surface diffuseness of the folding potential will 
lead to less re仕actionat nuc1ear surface (namely lowering the backward-angle scattering) 
together with the slight shi此ofangular distribution towards the forward angles， which 
are just the tendency seen in the change from the solid curves to the dotted ones. 
However， there is no good reason to use the charge density in place of the matter 
density in the folding-model calculation. Of course， one should use the matter density 
because the N N potential is defined as a function of the distance between the c.m. of 
interacting nuc1eon pair; namely defined as the potential between point nucleons. There甲
fore， a good agreement of the dotted curves never justify the use of charge densities in the 
folding-model calculations but should be regarded as an indication of some insufficient， 
approximate treatments in the present folding-model framework. 
We should rather find out the real source of the disagreement with the backward-
angle experimental data to other points in the present folding-model calculation. 1n the 
present calculation， we approximate the exchange potential， that is originally non-local， 
by a localized potential as in Eq. (2.12). 1n addition， we adopt the multipole expansion 
of the plane wave representation for the N N relative motion but we use only the first-
order terrp. of the expansiton in the folding申modelcalculation in the case of proton-nucleus 
systemsωshown by Eq. (2.19). One of the sources why the experimental data are not 
reproduced well at the backward angles would.. be in this localization procces of the non-
local excbange part of folding potential. The reason for this speculation is following. It is 
knownもhatthe same experimental data for the proton-nucleus elぉticscattering were well 
reproduced by a ful microscopic folding-model c叫culationby Melbourne Group [10] in 
which the non圃localexchange part were directly used without introducing any localization 
appr(凶mationsfor the exchange part， though七heyused the different type of the G-matrix 
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Figure 12: Comparison with CEG07a and Melbourne-G. The solid and dotted curves are 
the results with CEG07a and Melbourne-G， respec七ively.
， 
isteraction caled the MelbournかG[10] interaction. In Iact， we haveもestedto calculate 
the FMP with the use of MelbournかG[10] interaction but within the framework of七he
present paper (namely by the use of localized exchange part) and compareもheresult with 
the results obtained by the FMP based on the CEG07. The results are shown in Fig. 12， 
where we c釦 seethat the obtained cross sections are alrnost the same with the results 
obtained by the CEG07a interaction. This result clearly indicates that the deviation 
from the data at backward angle is not due to the shor七comingof the present G-matrix 
interaβtion but may be due to the approximate treatment of the nOIトlocalexchange part 
of the folding potential. On the other hand， we have also introduced an approximate 












-order approximation of the multipole expansion of plane wave representation for the N N 
relative motion， aswe have just pointed out. This is also discussed by Kyushu group [48]. 
In this paper， however， we have not exarnined how the first-order appro泊mationaffects 







4 Nucleus-Nucleus elastic scattering 
Nextl we apply the CEG07 G-matrix inter~tions to nucleus-nudeU8 (AA) systems throuth 
the double-folding model (DFM). Since， the imaginary part of optical potential for 丸A
systems represents al excurrent fiux escaping frorn elastic scattering channel through al 
the possible open reaction channels， itwould be difficult to completely simulaもethose fiux 
loss by the imaginary part of G-matrix interaction evaluated in infinite nuclear matter. So， 
as in the case of SFM， we introduce a renormalization factor Nw for the imaginaη， part 
of FMP and define the present microscopic optical potential with the CEG07 interaction 
8s 
UDF(R) = Vc(R) + tNwIVc(R) (4.1 ) 
Here， ¥七組dW c denote the real and imaginary parts of original D FÞ.~ potential derived 
from the G四matrix.We adjust the renormalization fa.ctor so鎚 toattain optimum fits 
to the experimental data for elastic scattering cross sections because of the luck of the 
experimental data for total reaction cro~s section in rnost AA systems. 
First， we analyze the elぉticscattering of 160 + 160 system in detail as a benchmark 
system for testing the interactlon model， and then， we also analyze the 160 scattering by 
other target nuclei as well as thυυC + 12C systems. We adopt the nucleon density of 160 
calculated仕omthe internal wave functions generated by the orthogonal condition model 
(OCM) by S. Okabe [49] based on the microscopic α+ 12C cluster picture. For 12C， we 
ωthe n附 onden均ぬtai凶 fromthe 3Q-RG M仙川onby Kamimura [38]， while 
for ~8Si and 40Ca， the densities are deduced from the charge densities extracted from 
electron-scattering experiments by unfolding the charge form factor of a proton泊 the
standard way [39]. 
4.1 160 + 160 elastic scattering 
In this paper， we make use of the CEG07 G-matrix interactions with and without the TBF 
effecもandanalyze the elおもicscat七eringof 160 + 160 system to see how the TBF effect 
plays an important role in the AA scattering systems. The reason why we choose the 
el鉛 ticscattering of 
16
0 + 160 system is following: 160 isone of the most stable double-




state. Thisおimportantfor a folding model based on the complex G司matrix，because 
the imaginary part of G-matrix is expected to simulate the effect of single-particle-like 
excitations of finite nuclear systems through N N pair-scattering correlations and the effect 
of coherent， collective excitations of a finite nucleus may not be included in the imaginary 
part of G-matrix. Therefore， the 160 + 160 system is one of the ideal benchmark systems 
to test the validity of interaction models and， infact， a number of interaction models， 
either purely phenomenological [50， 51， 52] or microscopic in various sense [12， 13， 15， 35]，
have been tested for decades on this system as a milestone to be cleared. 
4.1.1 Importance of Three-Body Force 
Wenow釦 alizethe 160 + 160 elぉticscattering at E / A = 70 Me V in ful detail， by p句ing
a special attention to the role of three-body forces (TBF) in AA scattering system. 
Figure 13 shows the real (upper panel) and imaginary (lower panel) parts of the cal-
culated FMP for 160 + 160 elぉticscattering at E / A = 70 Me V with the use of two types 
of CEG07 G-matrix interactions. Here、wehave used the frozen-density approzimation 
(FDA)， defined by Eq. (2.36)， to define the local density for evaluating the G-matrix in 
DFM c叫culationsEqs. (2.33) and (2.34). Other presc卯tionsfor おおlIngthe local derト
sity will be discussed in the following section. The effect of TBF is clearly seen凶 the
real part of FMP over the whole range of internuclear distance， while the effect on the 
imaginary part is rather small except at short distances below 3 frn. The large difference 
in the real part is found to be mainly due to the effect of repulsive part of TBF (TBR). 
While the attractive pa此 ofTBF (TBA)おfoundto play only a minor role. 
We then calculate the 160 + 160 el鎚ticscattering cross section at E / A = 70 Me V 
with the ~ of two types of FMPs shown in Fig. 13. 1n the st組 dardDFM analyses of 
elastic scattering， itis often the case that the real pa此 ofcalculated FMP is multiplied 
by the renormalization factor while a cornpletely-phenomenological imaginary potential is 
introduced， and its parameters together with the renorrnalization factor for the real FMP 
are deteI mined soωto optimize the fit to七heexperirnental data. In the present DFM， 
h側 ever，もheωlculatedFMP itself is already complex because of the use of complex G-
matrix. The only parameter in the present仕ameworkis the renormalization factor Nw 
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The dotted and solid curves are the results with CEG07a and CEG07b， respectively. 
The results are shown in Fig. 14. The solid and dotted curves are the results with the 
use of FMP obtained from CEG07b (with 'TBF) and CEG07a (without TBF)， respectively. 
He民 wetake Nw to be 0.9 so that the solid curve (with TBF e圧倒)gives an optimum fit 
to the data. This Nw value is di宜'erentfrom Ref. [54] because not only density dependence 
but also energy dependence of CEG07 are fitted in this paper. These fitted parameters are 
shown in App. C. The solid curve with the TBF effect well reproduces the experimen凶l
data up to backward angles， while the dotted curve with CEG07a (without the TBF effect) 
overshoots the experimental data at middle and backward angles reflecting the too deep 
Sもrengthof real part of FMP. We found that no reasonable fit to the data Wiωobtained 
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Fi♂1fe 14: Rutherford ratio of cross sections for 160 + 160 elastic scattering at E / A =
70 Me V， which are compared with the folding model calculations with the (CEG07紛and
without (CEG07ωthe TBF effect. The Nw value is fixed to 0.9 for both calculations 
The meaning of the curves are the same as in Fig. 13. The experimental data are taken 
from Ref. [53] 
changing the value of Nw as seen in Fig. 15. For instance， when we increase the Nw 
value so as to reduce the deviation in the large-angle region， the diffraction pattern in the 
forward-angle region becomes completely out-of四phぉewith respect to the experimental 
data. The large difference between the solid and dotted curves clearly shows an evidence 
of decisive role of TBF on the elastic scattering of 160 + 160 system. 
~ 
4.1.2 Definitions of local density 
Next， we investiga七ethe definitions of local density for DFM calculation with CEG07b. 
In the calculation of FMP to see the importance of TBF in the previous section， we have 
used FDA by Eq. (2.36)むodefine the 10叫 density.In this section， the validity of FDA 
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Figure 15: Same as Fig. 14 but for the r白ultsof CEG07a with various renormalization 
factor for imaginary pa.rt. 
LDA. Let us t邸tthe following various definitions of local density in the calculations of 





P1 + P2 ・・・ (ぜ P1 + P2く po)
po ・・ (if ρ1+ρ2>ρ0) 








spectively. In Eq. (4.5)， podenotes the saturation density in nuclear matter，ρo勾 0.17
fm-3. LDA1d corresponds to the so-called FDA used widely in most DFM calcula-
tions [12， 13， 15， 35]， inwhich the local density so defined can reach about twice the 
saturation value ρ勾 2ρoin largely overlap region， namely at short distance between 
the colliding nuclei. On the other hand， inother three definitions， LDA2d， LDA3d and 
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Figure 16: Same ぉ Fig.13 but for the comparison with various LDA prescriptions used 
CEG07b. The solid， dashed， dot-dashed and dぉhedcurves are the results for LDAld， 
LDA2d， LDA3d and LDA4d， respectively. 
LDA4d邸 cutting-densityapproximation (CDA)， which modifies FDA so that p does not 
exc毛泡dthe saturation value po. 
Figure 16 ShOW8 the re叫 (upperpanel) and imaginary (lower panel) parts of the 
calculated FMP with CEG07b for 160 + 160 elastic scattering at E / A = 70 Me V with 
the four types of definitions. The effect of different definitions of local density is clea.rly 
seen in both the rea.l and imaginary parts of FMP over the whole range of internuclear 
似 ance.FMPs obtained by a kind of averag州 pedefinitions (LDA2d， LDA3d)， either 
the geometric average or七hearithmetic one of the densities of collidi時 nuclei(let us call 
the average-density appr似 ima.tion(ADA)) give rise to very deep potenti叫compa.redwith 
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other two definition， LDAld and LDA4d. This is because in the former definition (ADA) 
the G-matrix interaction fels low local densiもiescompared with the case of using FDA， 
which implies that the strength of G-matrix evaluated at such lower density becopes 
stronger than that evaluated at higher density in the case of FDA. In other words， the 
Pauli Principle as well as the TBF (particularly TBR) efect， which act to reduce the G-
matrix strength at high-density region， do not play significant role in ADA prescriptions 
and， hence， ADA leads to deeper FMPs. On the other hand， FMP calculated with LDA4d 
definition gives a deeper potential compared with F11P obtained by the use of LDAld 
(FDA) in the midium and山 rtrange regions whereρ1 + P2 exceeds Po， while around 
nuclear surface region， FMPs of LDA1d and LDA4d have almost the same strength and 
shape because both LDA1d and LDA4d use the same local density Pl + P2 in such lower-
density region. One may notice that FMP obtained with LDA4d is weaker than those 
with ADAs (LDA2d and LDA3d). This is partly because nuclear density in 160 nucleus 
does not reach the sa初 rationvalue Po even at nuclear center. Another， probably more 
general reason for this is closely connected toもhefinite-range nature of the G-rnatrix 
interaction used. 
Figure 17 compare the calculated cross sections with FMPs obtained by the four kinds 
of definitions of local density. The deep FMPs given by ADA (LDA2d and LDA3d) do 
not reprod uce七hedata at all. The FMP with LDA4d also fails to reproduce the da七a
at backward angles， although the fit to the data at forward angles is no so bad because 
the tail part of FMP with LDA4d has a resonable strength and shape similar to those of 
FMP with FDA. We also comfirmed that no reasonable fit to the data was obtained by 
FMPs with LDA2-4d no matter how the inlaginary part of FMP was renormalized. 
The validity of FDA is understood qualitatively by considering that the colliding nuclei 
can overlap into each other without the disturbance due to the Pauli principle in such a 
high energy as E / A = 70 Me V. Moreover， FDA sぬh肌O飢∞u叫Ildb恥echoωsen川i泊nela邸st批iたccha組且m工nelbe舵ca;飢;us路S
the pro jectile and ta紅.rge抗もparticlesa釘，renot changed in the elru:鎚令ti詑c-s舵ca銑t旬eringreaction process 
仕omthe initial channel to the final channel. Then， the G-matrix interaction in hlgh恒
density region over normal density， including the strong TBR， contributes to the folding 
potential. The importance of three-body force in previous section can be seen by FDA 
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Figure 17: Same as Fig. 14 but for the comparison with various LDA priscriptions used 
CEG07b. The meaning of the curves are the same as in Fig. 16. 
4.1.3 Comparison of DFM calculation with CEG07b and CEG07c 
In this section， we compare CEG07b with CEG07c for 160 + 160 elastic scattering as was 
done in the case of proton申nucleuselastic scattering. CEG07c has the ω-rearrangement 
efIect. The difference between CEG07b and CEG07 c isin the parameter adopted to rep-
resent the TBR-like efIect and in that the latter contains the effect ofω-rearrangement 
diagram mentioned in Sec. 2.1. (Eq. (2.8)). The parameter for TBR-like effect is repre-
sented as the density-dependent two-body interactions induced by changing the vector-
meson massω 仏 innuclear matter according to M1) (p) = M1) exp (一九ρ).InもheDFM 
calculation， we have parameterize the calculated values of K in Eq. (2.8) as a function of 
ρ; 
κ= 0.0960 + O.359p . ( 4.6) 
Fi思江e18 shows the comparison of FMPs calculated with CEG07b and CEG07c for 
160 + 160 system at E/A = 70 MeV. The solid and dashed curves are the results for 
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Same as Fig. 13 and Fig. 14 but for the comparison with the effect of ωーFigure 18: 
The solid and dashed curves are the resu1ts for CEG07b and CEG07c， rearrangement. 
respectively. 
CEG07b and CEG07c， respective1y. The lea1 part of FMP with CEG07c is slightly smaller 
than that with CEG07b at tail part， while 8lightly larger at short distance. The imaginary 
part of FMP with CEG07 c has weaker strength over the whole radia1 range than CEG07b. 
However， these di百erencesare seen only appear in the e1ぉticcross sections at the most 
backward ang1es， and both interaction well reproduce the data over the whole angular 
range. This is because both CEG07bωd CEG07c interactions contain the TBF effect. 
Effect of k-mass 4.1.4 
In this section， we investigate the effect of k-m鉛 sfor 160 + 160 elastic scattering 鎚 in
the case of proton-nucleus elastic scattering. 
Figure 19 shows the effect of k-mass for 160 + 160 potentials with CEG07b and elastic 
cross sections at E / A= 70 Me V. The dotted and solid curves areもheresults with組 d
without including the effect of k-mωs for Nw = 0・9，while the dashed curve showsぬe
The effect of k-mass is clearly seen 8s the effect of 
result with k-mass for Nw = 1.1. 
，reducing the imaginary-potential strength at middle and short ctisもances，and this effect • 
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おalsoseen on the elぉticcross sections when the renormalization factor is fixed at the 
The meaning of curves ar~ decribed in the text. 
However、thise百'ectcan be compensated by increasing the renorrnalization ぬrnevalue. 
factor Nw for the lmaginary part by about 20 o/c (from Nw = 0.9 to 1.1) as shown by the 
d邸 hedcurve. Namely， the necessity of introducing the k-mass is not necessarily esential 
as far as we introduce the renorrnalization factor to imaginary part of F~1P. Thisおtrue
also in the case of proton-nucleus el鎚 ticscat tering. 
Comparison with CDM3Y6 4.1.5 
[13] is one of the realiable and succωsful e仔'ectivedensity-The CD~13Y6 interaction 
dependent N N interaction to be used in the DFM. However、CDM3Y6hasonly the real 
pa目 and，hence， ithas to be accompanied by a phenomenological irnaginary potential. It 
would be meaningfu1 to compare it with the real part of FMP obtained by complex CEG07 
interaction. In this comparison， weωsurne two models that one use the sarne imaginary 
potential加 thecωe of CEG07b and another use the imaginary potential having s釘ne
shape as th.at of the real p釘tin the cωe of CDM3Y6ωfollows: 
• 
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Figure 20: Same as Fig. 13 and Fig. 14 but for the comparison with difference of evaluating 
point of local density with CEG07b. The solid and dotもedcurves are the results for 
CEG07b (mid-point) and CEG07b (each四pOlnt)，respectively. 
and 
Uopt(R) = (1 + iNw)VdCDM3Y6) (R)， (4.8) 
and the Nw value is taken to reproduce the experimental data of elおもiccross sections. 
The CDM3Y6 interaction has three-range Yukawa form factor. ln this paper， we have 
calculated the double田foldingmodel po七entialbased on the LDA prescription as follows; 
P = Pl(rl +ト)+ρ2(r2ート) (4.9) 
However， itis technically difficult to evaluate the local density at the “mid-point" of 
interacting nucleon pair in projectile and target， aslong as we use the interactionもhat
has a Yukawa form factor. For this reason， inthis section， the double-folding calculation 
of direct part is performed in the same manner as in Ref. [35] by defining the local density 
as 
PD =ρl(rI) +ρ2(η)， (4.1Q) 
only when we calculate the direct part. ln other word， the evaluating point of local densilty 
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Figure 21: Same ぉ Fig~ 13 and Fig. 14 but for the comparison CEG07b with CDM3Y6. 
The solid， dotted and da.shed curves are the results for CEG07b ， CDM3Y6 defined in 
Eq. (4.7)組 dCD~13Y6 defined in Eq. (4.8). respectively. 
First、wetest the difference of the evaluatlng point of local density as defined in 
Eqs. (4.9)制(4.10). Figure 20 sbows the difference of calculated potentials and el制 ic
cross sections with respect to the evaluating point of local density in the cωe of CEG07b. 
The lVW values for each calculation have been taken to be the value given in the figure 
鉛鎚 toreproduce the elぉticcross section. The solid and dotted curves are the results 
for CEG07b (mid-point) and CEG07b (each-point)， respectively. The difference of evalu-
ating point of local density with CEG07b (solid ωd dotted curves) is sma11 inboth re叫
釦 dimaginary parts of FMP. Both results ca1culated with CEG07b bωed on the LDA 
pr田criptionsevaluated at mid-point and each-point well reproduce the measured cross 
S舵 tiondata with the use of about 10 % different renormalization factors Nw for the imag-
inary pa.rt. Thus， we conclude that one needs"not seriously care about the spatial position 
of evaluating the local density鎚 inthe cωe of the proton-nucleus elωtic scattering. 
Next，wecωpare the FMP calculat吋 withCEG07b (each-point) and CDM3Y6. The 
differe臨港ofpotentials derived仕omCEG07b and CDM3Y6 is seen at inner組 dmiddle 
range partωsh側 nin Fig. 21. FMP with CDM3Y6 is deeper than that witb CEG07b 
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Figure 22: The real and imaginary pari of FMP (left)， and Rutherford ratio of cross 
sections for 160 + 12C elastic scattering at EjA = 93.9 MeV (right)， which are compared 
with the folding model calculations with ihe three types of complex G-matrix interactions. 
The dotted， solid and dぉhedcurves are the resulもswith CEG07a， CEG07b and CEG07c， 
respectively. The experimental data are taken仕omRef. [5] 
angles in the elastic cross sections. The FMP calculated with CDM3Y6 gives the almost 
same results in the cross section (dotted a.nd d納付curves)，irrespective of the imaginary 
potential used. Here， we note that the complex G-matrix interaction CEG07 derived from 
the theoretical framework gives almost same or better result than the phenomenological 
density-dependent effective interaction CD M3Y6. 
4.2 Analysis of 160 elastic scattering by other target nuclei 
1n this section， we analyze the elωtic scattering of 160 by 12C， 28Si and 40Ca target nuclei 
at E/A = 93.9 MeV with the use of CEG07a， CEG07b and CEG07c interactions. 
Figure 22 shows七heFMP and elastic-scatもeringcross sections for 12C target at E j A
= 93.9 MeV. The dotted， solid and dashed CUrvlωare the results with CEG07a， OEG07b 
and CEG07 c， respectively. The di在erencebetween CEG07b and CEG07c is small， s出lilar







cross sections up to backward angles with Nw = 0.8. The effect of TBF is clearly seen 
both in FMP and cross sections as in the case of 160 + 160 scattering seen in Fig. 13 
and 14. No reぉonablefit to the data is obtained by the FMP calculation with CEG07a 
(without TBF e偽ct)，no matter how we change the calue of Nw， which is also the same 
as in the case of 160 target shown in Fig. 15 
Figure 23 shows the FMP and elastic-scattering cross sections for 28Si target at E / A 
= 93.9 MeV. The dotted， solid and dashed curves are the results with CEG07a， CEG07b 
組 dCEG07c， respectively. The effect of TBF is also clearly seen in this scattering system， 
as in the ωse of for 160 and 12C targets. However， .the fit to the experimental data is not 
very good especially at large angles. It may be related to the fact that the 28Si nucleus 
presents a slightly stronger absorption to the incident 160 nucleus compared with other 
target nuclei. Since the 28Si nucleus is known to be a very deformed nucleus that shows 
a typical rotational band in excitation spectrum， itmay be reぉonableto expect that an 
additional absorption should be induced dynamically by collective excitations of the 28Si 
nucleus in the collision with 160. This kind of dynamical effect may not be represented 
by the imaginary p釘tof G四matrixinteraction evaluated in nuclear matter. This would 
be one of the reason of a slightly larger value of optimum Nw value for 28Si target (Nw 
= 1.1) compared with that for other targets (Nw 勾 0.9).
Figure 24 shows the FMP and elぉtic-scatteringcross sections for 40Ca target at E / A 
= 93.9 Me V. The dotted， solid and dashed curves are againもheresults with CEG07a， 
CEG07b and CEG07c， respectively. The effect of TBF is also seen by the difference 
between the dotted curve and the other two kind of curves. 
4.3 12C + 12C system 
In thおsection，we analyze the elastic cross sections for 12C + 12C system that has been 
studied at E/A = 135 MeV. The 12C + 12C system泊oneof the interesting systems and 
the most仕equentlystudied light stable heavy-ion system. 
Figure 25 shows the FMPs and elastic骨scatteringcross sections for 12C + 12C system 
低 E/ A = 135 Me V， respectively. The dotted， solid and dωhed curves are the results 
with CEG07a， CEG07b and CEG07c， respectively. The effect of TBF is also clearly seen 
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Figt江e25: Sa.me ωFig 22 but for the 12C + 12C systenl at EjA = 135 :¥1eV. The 
experimental data are taken from Ref [56] 
CEG07b and CEG07c is slightly seen at inner part of real potential. However. it is difficult 















In this paper， we have proposed three kinds of new complex G-matrix interactions， 
CEG07a， CEG07b， and CEG07c， the latter two of which include the effect of three-body 
force (TBF) to make the saturation curve in nuclear matter more realistic in the high-
density region. TBF plays an important role， which works more and more repulsively in 
the higher-density region. This effect is known to be indispensable for a stiffening of the 
equation of state (EOS) in neutron-star matter， assuring the observed max:imum mass of 
neutron stars. When the G-matrix interactions are applied to the double-folding-model 
calculation of nucleus-nucleus optical potentials， the density dependence of G-matrices at 
densities higher than the saturation density is cri七icallyimportant and the three-body re-
plusive (TBR) e百'ectsare expected to appear more dramatically in nucleus-nucleus (AA) 
scattering. 
We have applied the new types of G-matrix interactions CEG07 to the calculation of 
proton-nucleus and nucleus-nucleus optical potentials within a仕ameworkof single-folding 
model (SFM) and doubl争foldingmodel (DFM) . 
• 
For proton-nucleus elastic sca七tering，wehave calculated the proto--nucleus optical 
potentials within a仕amewo比 offolding model potential (FivlP) in local density approx由
imation (LDA) and the proton-nucleus reactions observables， namely total reaction cross 
sections ぉ wellas the cross sections and analyzing powers of elぉticscattering. They 
are compared with experimental data fo1' the 12C and 40Ca target nuclei observed at Ep 
= 65 rv 200 MeV. To compare with七heexperimental data， we introduce a renormaliza-
tion factor Nw for the imaginary part of FMP and its value for each kind of G骨matrix
interaction is determined so as to reproduce the observed total reaction cross section. 
Therefore， when we calculate the elastic-scattering cross sections and analyzing powers， 
we use the fixed value of Nw for each G-matrix interaction. Namely once we fix the Nw 
value from the reaction cross sections， there exists no adjustable parameter in the calcu-
lation of elastic-scattering obse1'vables. From the comparison with the experimental data 
for elastic scattering， FMPs calculated with CEG07b are apparently superior to those 
with CEG07a， indicating the important role of the TBF that is included in the former 
two interactions. The TBF effect is cle紅lyseen， especially in the drastic improvement 
of the fit to the analyzing power data at forward angles for 12C and 40Ca target at Ep = 
48 
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122， 152 MeV， respectively. The effect of TBF is clearly seen in the real part of central 
potential， the strength of wruch is largely reduced by the TBF e百'ectin the middle-and 
short-range region of the potential， whereぉ theeffect does not strongly affect the LS 
part of the folding poもential.Among the TBF effect，七herepulsive component of TBF 
(the TBR component) is found to dominate the attractive one (the threかbodyattractive 
(TBA) one). We have also explained why the TBF effect on the real-central component 
of FMP， not on the LS component， improve the fit to analyzing power data. 
We also have tested the effect of k-mぉsand the various prescriptions for LDA. All 
these e偽ct，however，訂efound to be replaced by. the change of renormalization factor 
Nw for the imaginary potential within 10 %. We have found no essential role of the e飴ct
of k-m笛sin proton-nucleus elastic scattering. It is shown that the effect of k-mωs can 
almωt be simulated by ch釦 gingthe value of renormalization factor Nw for the imaginary 
potential. 
Finally， we show that the e釘ectof TBF is clearly seen on analyzing power at forward 
angles. However， the results with the calculated FMP overshoot slightly on cross section 
at baεkward angles. One of this reason is not due to the shortcoming of the present 
G-matrix interaction but may be due to the approximate treatment of the non甲local
exchange part of the folding potential. Another is七hefirst-order approximation of the 
multipole expansion of plane wave representation for the N N relative motion， aswe have 
just pointed out. This nonlocality of inspection is one of the future subject to be made 
clear. 
For nucleus-nucleus elastic scattering， we have first analyzed the elωtic scattering of 
160 + 160 system at E/A = 70 MeV with use of CEG07a and CEG07b interactions， 
where the latter includes the e偽ctof TBF (TBA+TBR). The effect of TBF泊 seen
clearly in the real potential， where the potential is pushed up remarkably by the TBR 
c∞:tribution in high density region owing to tlre prescription of台ozen-densityapprozima-
tion (FDA). Then， DFM with CEG07b including the TBR effect nicely reproduces the 
observed 160 + 160 el鎚 tic品scatteringcross sections over the whole angular region. On 
the other hand， DFM with CEG07a derived仕omthe tWIかbodyinteraction only gives no 
mω∞able fit to the data no matter how the calue of Nw is changed. 
In鉱ldition，we have test庇1the validity of FDA for local density approximation (LDA) 
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priscription to confirm the conclusion that the effect of TBF hぉ importantrole for AA 
system. The four types of LDA prescripもionsareもested;FDA， averaged density approxi-
mation (ADA)(geometric average or arithmetic one)and cutting density approximation 
(CDA). ADA gives a too deep potential compared with FDA， which lead to no reasonable 
fit to the experimental data. CDA also leads to a too deep potential compared with FDA 
at inner region and the calculated potential does not reproduce the data at backward 
angles. The validity of FDA isunderstood qualitatively by considering that the colliding 
nuclei can overlap into each other without the disturbance due to the Pauli principle in 
such a high energy as E/A = 70 MeV. Then， the G-matrix interaction in high-density 
region over normal density， including the strong TBR， contributes七othe folding potential. 
Then， we also have tested the effect of k-mass and the evaluating point of LDA pre-
scription as in the case of the proton-nucleus elastic scattering. The strength of imaginary 
part of FMP is reduced by k-mass. However. this effect do not seems important nucleus-
nucleus elastic scattering becωse the results boもhwith and without k-mass can reproduce 
the data when the renormalization factor is changed. The similar result is obtained for the 
analysis of the evaluating point of LDA prescription. 1n briefly， the e狂'ectof k-mωs and 
the evaluating point of LDA prescription is not important for 160十 160elastic scattering 
at E / A = 70 Me V as in the case of the proton-nucleus elastic scaもtering.
The FMP calculated with CEG07b are compared with one of CDM3Y6. The FMP 
calcul抗edwith CDM3Y6 are deeper than one with CEG07b at the inner part. For the 
CDM3Y6 interaction， weωsume two models that one has the same imaginary potential 
calculated with CEG07b and another uses the same geometrical form as that of the real 
part potential of CDM3Y6 because the CDM3Y6 i胸間tiondoωnot have the imaginary 
part. The complex G-matrix interaction CEG07 derived from the theoretical仕amework
gives almost the similar or better result th組 thephenomenological density-dependent 
effective interaction CDM3Y6， while the large difference of calculated real poもentialgiven 
by the CEG07b and CDM3Y6 interactions . 
We also apply the folding model poもentialcalculated with CEG07a-CEG07c in the 
合ameworkof FDA for other systems that are 160 + 12C， 28Si and 40Ca systems at E/A 
= 93.9 MeV and 12C + 12C system at E/A = 135 MeV. All the cross sections can 







calculated with CEG07a (without TBF) can not reproduce the data as in the case of 
160 + 160 system. CEG07a gives too deep FMPもoreproduce the data. The efIect of 
TBF isalso clearly seen at FMP and elastic cross sections for these systems as in the case 
of 160 + 160 at E/A = 70 MeV. 
Finally， we succeed in making the much reliable OMP， the real and imaginary parts， 
by DFM with CEG07 for the AA systems from microscopic view point as previously the 
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A Detail method of LS folding calculation of Ex-
change part 
In this appendix， the detail of the exchange part of folding potential isgiven. First， the 
Eq. (10) of Ref. [7] is ， 
US(T1)thz μ (r2熔 ME)j{(T1ー η)X (Pl -P2)}附 向)妙附ゆ
(A.lり) 
For a target nuceus of sub-shell closure， spin of constituent nucleons do not contribute 




Pl -P2 = ー の(V1- V2) 
一吋(V2-V1))
= 2i九Vs，
s = r2 -rl・
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一与i:J 可喰撒J釘(s;p， E司W肘片y川凶e''〆t仇koμぺ8べ{(rl一イ勺Tη小2
一-:J1j勾培r医~X(s; p， 附 1 ，グr2η  け {(rl 一寸叶Tη小2
= 一~J 1j喰撒訟駅(川E)仇 η)e~kO 8 {α仇(ケrl門 一η刈小)x沈ko}仇
-i: J rtl(s; p， E)e'kO'. {( T1 -η) x V1} . O'lp(rl， r2)dr2 
We replace the variable r2 with s defined as 
s = r2 -r] 
in the above integrals‘then， since ds = dr2， we obtain 
酌 l)fμσ = ;υJ1i可噌r畏F川 E印μW附(ケ川T門1
+ ? f T勾喰r庶F川 E け (作sx河司明v帆町1)ω 1，川川?グA刈Tη叫2ρ)dぬS 
Here， by using the appro幻mationEq. (2.23) for p( rl， 1・2)
V1ρ(rl， r2) V lP(X )31 (k~ff s) 
31(k;fS)V1p(X) + p(x)v131 (kFfS) 
rl + r2θρ(x) j・1(kFf s) 一一
4x θx I x=l.!:.l芋♀l
ρ(x) r1十r2θkpf(めI s坐(z)
4x δx Ix=ρ子孟|。 θZ I z=k~ffs 
2rl + sθp(x) 31 (kFf s) 一一
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vVhen bringing it together， 
V1p(rl， r2) 
2rl + S 
4x 
effθp( X) I ， _1 __ ¥ 8ktf何)




x=l~子2|vθz (A.15) z=k~ff s 
(A.16) 
These are substituted for Eq. (A.12). 
酌 l)lμσ = ;υJ1ì撒f訟駅れJれお~X(s;いいp，町
r ，.."EX 1 _. _ 1:"'¥ C(ヤrlη1，S刈り)_¥伽b +z j TEF(s;pJ)n-e向 8(SX rI)・σlds
(A.17) 
(A.18) 
And， the exponential is expanded by multipole expansion as 
e1ko 8 = Jo( kos) + 3tJl (kos) (ん0・s)+・・. (A.19) 
And， density and interaction also are expanded by multipole expansion as 
rtt(s; p， E)p(rl1 T2) = 乞(2f+ 1)ρt(rl，s)乃(ω) (A.20) 
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(A.24) = dO(rl' s) + 3d3(rl1 s)(rl・8)+・・，
therefore， 





Here， if it is 8.Ssumed that multipole expansion is good expan.sion， more than the 
second order term of expansion is negligible. Then， Ang]e integrations are 
J(川 0)ω=0， " (A.26) 
f (A.27) f仇伽ん)ω=0， (A.28) 
f仇 8)(8X 1¥)叫=0， (A.29) 
J(島o. 8)仇伽ん)ω=。 (A.30) 
J(品。州仰吋1)叫=0， (A.31 ) 
f仇釣(8x ko) . (1'1 d8 =?げ1Xん)σ11 (A.32) 
f仇 8)(8X 1¥)叫 =hox fI)σ1 (A.33) 
80， 
Utt(r})l. (1' = 川 J~かかPl川 j均刈O“(仙ね
一Z子打Zソ/えむか6ゐ似O“(rlω川Tη九ω1，川 刈s刈Sりゆ山州)ν)1川バ(仇仰刷Sりか)片州S (A.34) 
Finaly， because 1.1 = Tl X九ko，
Utt(rI)lσ = 2針πイJPl(州lバ円)0刈“(州k
+~ (51ゐ'o(rη}，s刈Sり))1バ(ねωSり)_3 / ね s匂s(l}・σ1) (A.35) 
イーdSST2jofs)pl(T13S)+唆九(Tl，S)]仇 σ1) (A.36) 
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B Detail method of Double folding calculation 
B.1 Direct Part 
The direct part of double-folding.potential is 
明 =J山川l1(S州 (B.l ) 
where ρP T 8.rt:' pro j肘 tile-a.nd target densities. respectively. l'( 8. p( x)) is effective lV 1'1 
int~raction. f¥nlplo.沢せ complexG岨matrixinteraction calltld CEG07 in this study. The 
coordinate sおtherelative veぐtorbetween the a nucleon in the projectile nudeus and 
one in the target nudeus. 8 = T2 -R -Tl. In this calrulation， the projectile and target 
densiti~ and complex G-matri.x interoction n開 ibe expandぞdby gausian fonn as follows: 
ρp(r) 一L 例 ~-~り (B.2) '干nf2
n 
ρr(r) 乞 iT}JLりì~- 'e (B.3) 
1¥ 
t'(s; p) L l.~kい1t.~Jfk(p) (B.4) 
k 
where f(p) is d~nsity dependence-of comple-x G-matrLx interaction. Consequently‘eq. (B.l) 
is written 8s follow: 
附 )=εppfzd)介-6川
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(B.l1 ) b = (ーザ)+6Z)+4内)，
4 
c =ザ)-65)F (B.12) 
d=6F)， (B.13) 
e=26f) (B.14) 
Here， we define the F(R) as follows 
凡んω川m叫刈kバ市川(印問R) 三 f介μ奴仰X却叩p以什山(←μ一J6r伊判;Pp刊門叫叫叩)与叶Tイ?
一 仰叶←岬岬ザ伊)冶Rψzれe叙仰州X却p同
x J ds“吋e仰却凶2一(α 一dR制R).s} 山 )
The integration for ds is executed as follows. 
j同 {-bs2一(却-dR) . s}
=2イexp(-bs2)S2 (cx -dR二 t) (B.17) 
=2π dss2 exp (-bs2)ー {exp (ts) -exp (←ts)} 
ts (B.18) 
=7 exp(-bs2)s{exp(ts)-exp(-ts)}ds (B.19) 
=?1: 8 exp(-bs2 +吋 (B.20) 
=?exp (~) 1: 8仰(一的一え)2} (8-土=x) (B.21) 2b -
筑引!こ t= -;-exp 一 (x+一)exp (-bx2)dx (B.22) t ~. ¥ 4b) J _rv"> ¥ - I 2b 
=;ほp(;;)1:叫同2凶 (B.23) 
， 





- 一ー一一軒ー 益===益誼畠畠 .J. . 
、• 
therefore， 





x J d必仙£れ似e侃X作一z)R→がム川z司)). (B.27) 
Here， the following are defined. 
therefore 
A 三-4b = 4μk+ザ)+55)，
B 三 8~P) ー竺 = 8~t)(4内 + 8~))/A ， 4b -n 
三 α-ff=4{μk(8?)+ 8~)) +ザ)8~)}/A，4b -¥..r"f¥; ¥ -n 
D 三 e-22=46(P)(2μk+8~))/A，2b --n 





x J di:仇ω叙仰p(DR司州州fんμkバ(川z刈)) (13 幻) 
-(zym(-m2)fh仇同2)
×かexp(叫ん(ρ(R川))， 但
where ω= R. x， ifthere国 p= p p+ fJT for local density approximation，ρ(R， x，ω) = 
• 







B.2 Exchange Part 
In exchange part， the density dependence of CEG07 rnust be fittedもoseparable function 
to c3ilculate. 1 do not consider that density dependence have regularity shape. 80，" 1 
choiced series expansion for fitting function. The pararneters 81re in Appendix B. 
Here， folding rnodel potential of exchange part is 
r I • ¥ I ¥ 1. ¥_ _ fik(R) .sl 
UEx(R) = I Pl(rl， rl+ s)p2(r2， r2-s)υEX(s;p)exp|M| 
The density matrix p(九 r2)is approxirnated in the sarne rnanner as in Ref. [29) ; 
where 









where jl (x) is spherical bessel fURction. And kFf (ァ)is the average local Fermi momenturn 
for七hedensity rnatrix expansion. The kFf (r・)is chosen to accelerate the convergence of 
the density rnatrix expansion and is given， asfollows: 
ポ(a)ニ ljL2p(z))2/3+5Cs{マρ(a)}2+W2p(a)11/2 
l2 r ¥ -_ I J . 3ρ2(a) (36p(a) ' (B.39) 
where Cs is the strength of the Wei羽 ckerterm and is taken to be Cs = ! forlight 
heavy-ion scattering [31]. And， density dependent N N interaction is rewritten as well as 
direct part 
VEX(S;ρ)=υEx(s)f(p)， 
here， f (p) must be written the separable form of P1釦 dP2， asfollow; 


















さーf州 州 S)exp[tk(281ds 同)
Here， 
G剛二 Jht(X2 -R，仰2，S)批 2
: I Leff ん(X2-R， s)= Pl (Xl)Jl (k~H (Xl)S )!l(Pl)， 
'h2(X2， s) =ρ2(叫ん(k~{f ( X 2)S) !t (P2) ， 
and Fourier transformation of G (R， s)is 
仇 s)= 附 lJ G(R，s)眠 p(吋 R)dR




He民 inverseFourier transform of G ( q， s)also is 
• 














r " _ ， r k( R)・81f 
U凶 R)= Sε/伽献凶(s巾)μexp叶|卜t~\ SJ~; . d Iけ/Jo刈以(qψ州R)川qポ2
xJ合 J.rrJo{qxt)ρ1(.1'1) f， (ρd)1附1)8)
xJ 叫 oω仙(ωw川q1'約州r勾2)'ρ的州州山州J勺以2メ(υ川川.r2ω2ρ)以川州川λμ伽(ω凶内)jl(kf!f九(付凶州zぬ2
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C Table of Parameters for CEG07 
. 
-‘ 
In this paper， we fitted density dependence of complex G明matrixinteractions and k-mass 
by series expansion of density (p) to calculate exchange p紅 tfor D FM. And for being 
e鎚 Yto use CEG07， we叫sofitted the energy dependence (E) of CEG07 in this paper 
However， the fitting precision is about 10 % for the imaginary parもatEく 100MeV. 
For the central part of CEG07， we fitted the interaction as following form: 
VST(s ル (C.1) 
For the L8 p紅 tof CEG07， itis too difficult to fit the series expansion of density (p) 
and energy (E). 80， we show the parameもersas following form: 
ぽ怖か吾川山(三) (C.2) 
Here、therelation between Fermi-momentum kF and nucleon density p is obtained as 
follows: 
kF = (引1/3















Table 1: Ranges and p創 alnetersv~r of Eq. (C.l) for real (upper pannel) and im.aginary 
(lower pannel) central components of CEG07a. 
. 
S=l，T=0 8=1. T=l k 入k . 8=0， T=O 8=0， T=l 1 3 ， 
1 ー7.93762E+02 7.81776E+02 8.06831E+02 -2.83090E+03 
1 2 9.73761E+00 -7.51670E+00 -3.57494E+OO 2.23615E+Ol 
3 -3.99072E-02 5.05350E-02 3.33727E-02 -8.18691E-02 
4 4.74131E-05 -9.81039E-05 -6.29009E-05 1.19557E-04 
9.71678E+03 3.78198E+02 9.79290E+03 2.07798E+04 
2 2 ー1.27800E+02 4.70682E+01 -8.87827E+Ol -2.48930E+02 
3 5.53226E-01 -3.505328-01 4.54965E-01 1. 13160E+OO 
1 0.5 4 -7.71121E-04 7.44561E-04 -9.55679E-04 -1.89078E-03 
-3.87624E+04 -3. 18614E+03 -5.29776E+04 -7.64169E+04 
3 2 5.31473E+02 -9.94987E+01 6.71391E+02 1.01333E+03 
3 信 2.38238E+00 8.71771E-01 -3.87125E+00 -4.90079E+00 
4 3.48700E-03 -1.99392E-03 8.06444E-03 8.56274E-03 
1 4.94851E+04 6.35669E+03 7.62036E+04 9.46314E+04 
4 2 -6.89712E+02 6. 80638E+0 1 司 1.07055E+03 -1.30492E+03 
3 3. 15324E+00 ー7.61568E-01 6.36191E+00 6.48108E+00 
4 -4.72341 E-03 1.878858-03 ー1.32917E-02 -1. 15418E-02 
k 入k t 3 S=O， T=O s=O， T=l ? S=L T=O ' S=11T=1 
l ー3.06616E+02 5.99549E+02 1.42866E+03 -7.54891E+01 I 
1 2 1.11517E+Ol -5.50378E+00 -1.59491E+Ol -2. 19509E+00 
3 -9.924828-02 2.72094E-02 8.32071E-02 -5.65312&03 
4 2.56815E-04 -4.94102E-05 -1.54148E-04 4.65614E-05 
1 4.80402E+03 ー6.73576E+03 -1.55834E+04 7.68511E+02 
2 2 -1.73737E十02 1.12655E+02 2.81261E+02 -1.59023E+01 
3 1.54687E+00 -6.76085E-01 -1.69993E+OO 3.32157E-01 
1 0.5 4 -3.98238E-03 ~ 1.36537E-03 3.417638-03 
情 1.13540E-03 
1 -2.20096E+04 2.74850E+04 5.91535E+04 -4. 34469E+03 
3 2 7.91851E+02 -5.21367E+02 -1.22565E+03 1.34910E+02 
3 -7.05212E+00 3.28780E+00 7.88847E+00 -1.85868E+00 
4 1.81342E-02 -6.84020 E-03 ー1.64826E-02 5.78119&03 
1 3.00155E+04 -3.60270E+04 -7. 30664E+04 7.09145E+03 
4 2 -1.07706E+03 7. 12020E+02 1.59662E+03 -2.21800E+02 
3 9.58601E+00 -4.57446E+00 ー1.05756E+0 1 2.73232E+OO 
4 -2.46270E-02 9.623088-03 2.25097E-02 
司8.20942E-03
64 



















































Table 2: Same ぉ Table1. 
S=O， T=0 8=0， T=l  8=1， T=O 8=1. T=l 3 
1.35025E+02 骨 3.38003E+02 -3.01702E+02 -1.16543E+01 
-1.16643&01 3.71222E+00 2.45215E+00 -3.71293E-02 
1.58775&03 -2.33926E-02 -1.70383E-02 1. 63749E-03 
-2. 19273E-06 4.62888E-05 3. 15662E-05 -3. 34942E-06 
2.75035E+02 3.96556E+02 -3.37951E+03 2.35383E+02 
1.32871E+00 -2.43667E+01 3.05086E+01 1.10945E+00 
司6.95719E-03 1. 79242E-01 .申1.46902E-01 -1.51703E-02 
5.85288E-06 -3.88158E-04 2.98008E-04 3.34722E-05 
-6.06987E+02 3.33141E+01 2.01773E+04 -5.78056E+02 
2ー.96447E+00 5.97839E+01 -2.57154E+02 -4.15270E+00 
1. 12025E-02 -5.02871E-01 1.43170E+00 5.53394E-02 
5.78669E-06 1. 16868E-03 -2.88876E-03 -1.26355E-04 
6.41437E+02 圃 1.27077E+03 -2.96371E+04 6.19786E+02 
‘ 
1.27418E+00 -4.98236E+01 4. 19708E+02 4.41449E+00 
-8.48480E-04 4.88584E-01 -2.42056E+00 -6.44993E-02 
-3.03687F.r05 -1.20748E-03 4.91119&03 1.50818E-04 
8=0， T=O 8=0. T=l ' S=1. T=O S=1. T=l ， 
-1.97264E+01 -2.76781E+02 -6.24322E+02 -7.5634 7E+00 
3.67660&01 3.09656E+00 7.57312E+00 3.45331E-02 
-5.25443E-03 -1.62872E-02 -4. 18446E-02 -2.23099E-03 
1. 23601 E-05 3.09165E-05 7.94132E-05 6.32877E-06 
2.96616E+02 3.27474E+03 6.81949E+03 9.55254E+01 
-1.12317E+01 -5.62454E+01 唱1.25059E+02 申4.02567E+00
1.04240E-01 3.43865E-01 7. 74937E-0 1 4.61012E-02 
-2.47771E-04 -7.08513E-04 -1.58050E-03 -1.21014E-04 I 
-1.52151E+03 -1.35357E+04 -2.57755E+04 -5. 19074E+02 
5. 60214E+0 1 2.57781E+02 5.36297E+02 2.13983E+01 
-4.98686E-01 -1.64761E+00 -3.51211E+00 -2. 19997E-01 
‘' 
1.19621E-03 3.48031E-03 7.40806E-03 5. 69432E-04 
2.25526E+03 1.77436E+04 3. 16906E+04 8.11462E+02 
-7.85751E+01 -3.50784E+02 -6.93592E+02 -3.06158E+01 
6.88326E-01 2.28154E+00 4.66141E+00 3.02442E-01 
-1.65603E-03 -4.86659E-03 側9.99245E-03 -7. 77246E-04 
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Table 3: Same as Table 1. 
3 8=0， T=O 8=0， T=l 8=1， T=O 
1 8.80851E+00 勾3.35746E+00 ー2.32176E+00
2 -5.49153E-04 1.03865E-02 -1.26229E-02 
3 -1.51028E-04 -1. 62088E-04 事 1.42966E-04
4 4.4 7802E-07 4.35998E-07 7.21382E-07 
1 世 6.96997E+00 3.21191E+00 -6.43914E+00 
2 -8. 13087E-02 -1.40041E-01 ー3.77141E-02
3 1.37195E-03 1. 55448E-03 2.41701E-03 
4 -4.00486E-06 -3.78277E-06 -8.52392E-06 
1 1.32505E+01 -1.28269E+01 1. 70496E+0 1 
2 3.50081E-01 5 .43697E-0 1 4. 16589E-01 
3 -4.86111E-03 -5.32835E-03 -1.02152E-02 
4 1.39656E-05 1.23205E-05 3.29555E-05 
1 -9.60008E+00 1.63581E+01 -1.69178E+01 
2 -4.49866E-01 -6.50150E-01 -6.56527E-01 
3 5.85800E-03 6.05533E-03 1.29514E-02 
4 -1.66590E-05 -1.36561E-05 -4.04829E-05 
. 
S=O，T=0 8=0， T=l 8=1. T=O 3 ? 
1 2.84546E+00 -3.00807E+00 -8.37819E+00 
2 -1.09314E-01 3.95768E-02 1.70065E-01 
3 8.46897E-04 -1.89337E-04 -1.28176E-03 
4 -1.93197E-06 3. 13738E-07 3.02289E-06 
1 -4.53414E+01 1.60550E+01 7. 16028E+01 
2 1.51502E+00 -4.35472E-02 -1.20686E+00 
3 -1.25087E-02 7ー.71490E-04 9. 15900E-03 
4 2.99806E-05 3. 17847E-06 -2.32038E-05 
1 2.01479E+02 -1.45258E+01 -2.25399E+02 
2 ー6.63777E+00 -9. 19058E-01 3.06472E+00 
3 5.56282E-02 1.09202E-02 -2. 19490E-02 
4 -1.35120E-04 -3.06179E-05 5.90920E-05 
1 -2.67078E+02 -2.11541E+01 2.40274E+02 
2 8.82363E+00 2.03008E+00 -2.70973E+00 
3 -7 .43684E-02 -1.99557E-02 1.80827E-02 
4 1.81517E-04 5.26162E-05 -5.21471E-05 
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Table 4: Ranges and parameters v~T(kF ， E) of Eq. (C.2) for real and imaginary LS com-





E kF k γk S=1. T=O S=1. T=l S=1. T=O S=1. T=l F 
1 0.4 -1.590E+03 1.945E+04 -4.467E+02 2. 175E+03 
0.6 2 0.6 -3.785E+02 -6.958E+02 -5.095E-Ol -8.142E+Ol 
3 1.0 -2.305E+Ol 5.532E+Ol -2.301E+00 6.119E+00 
4 1.8 -1.111E-Ol -2.027E-01 1.555E+00 1.261E+00 
. 
1 0.4 -1.561E+03 1.193E+04 -4.485E+02 5.205E+02 
0.8 2 0.6 -3.702E+02 -4.099E+02 1. 186E+01 -2.039E+01 
3 1.0 -2.402E+Ol 4.359E+Ol -2.295E+00 4.586E+00 
4 1.8 -1.103E-Ol -1.928E-Ol 1.272E+OO 1.215E+00 
l 0.4 -1.498E+03 5.794E+03 -4.719E+02 3.590E+Ol 
1.0 2 0.6 3ー.634E+02 -1.745E+02 2.540E+01 -3.891E+00 
3 1.0 -2.502E+01 3.269E+01 -2.379E+00 4.927E+00 
4 1.8 -1.094E-Ol -1.837E-Ol 1.114E+00 1.223E+00 
1 0.4 1ー.344E+03 2.041E+03 -4.709E十02 1.031E+02 I 
50 1.2 2 0.6 3ー.683E+02 -2.769E+01 3.698E+Ol 8ー.074E+00
3 1.0 -2.563E+Ol 2.402E+Ol -2.360E+00 5.577E+00 
4 1.8 -1.089E-Ol -1.764E-01 9.766E-Ol 1.108E+00 
1 0.4 由1.134E+03 1.909E+02 -4.271E十02 1.787E+02 I 
1.4 2 0.6 -3.857E+02 4.730E+01 4.271E+Ol 1ー.152E+01I 
3 1.0 -2.582E+01 1. 770E+01 2ー.118E+00 5.448E+00 
4 1.8 -1.087E-01 1ー.711E-01 8.153E-01 8.929E-Ol 
l 0.4 -9.077E+02 -5.801E+02 3ー.489E+02 1.285E+02 
1.6 2 0.6 -4.125E+02 8.067E+01 4.139E+Ol 8ー.982E+00
3 1.0 -2.565E+Ol 1.314Ed-Ol -1.692E+00 4.490E+00 
4 1.8 -1.089E-01 -1.672E-Ol 6.282E-Ol 6.624E-Ol 
1 0.4 -6.839E+02 -8.654E+02 -2.466E+02 4.937E+Ol 
1.8 2 0.6 唱4.466E+02 9.472E+01 3.330E+01 -4.685E+00 
3 1.0 -2.517E+Ol 9.680E+00 -1.172E+00 3.150E+00 









E kF k γk 8=1， T=O S=13T=1 8=1， T=O S=l， T=1 
l 0.4 -1.895E+03 9.439E+03 -8.423E+02 -3.635E+02 
0.6 2 0.6 -3.168E+02 -3.202E+02 3.542E+01 1.288E+01 
3 1.0 -2.572E+01 4.368E+01 -4.847E+00 6.324E+00 
4 1.8 -1.088E-01 -1.929E-01 2.037E+00 2.242E+00 
1 0.4 -1.726E+03 6.090E+03 由7.828E+02 -5.092E+02 
0.8 2 0.6 -3.248E+02 -1.901E+02 4.440E+01 1.687E+01 
3 1.0 骨2.578E+01 3.647E十01 -4.717E+00 6.213E+00 
4 1.8 -1.088E-01 -1.868E-01 1.812E+00 2.011E+00 
l 0.4 -1.543E+03 2.693E+03 国7.253E+02 -2.957E+02 
1.0 2 0.6 -3.334E+02 -5.648E+01 5.413E+01 6.850E+00 
3 1.0 明2.610E+01 2824E+01 -4.226E+00 6.867E+00 
4 1.8 ー1.085E-01 由1.799E-01 1.542E+00 1.786E+00 
1 0.4 -1.329E+03 1 5.425E+02 -6.528E+02 -3.273E+01 
80 1.2 2 0.6 -3.491E+02 3.052E+01 6.087E+01 -4.366E+00 
3 1.0 -2.634E+01 2.130E+01 -3.601E+00 7.092E+00 
4 1.8 -1.083E-01 -1.741E-01 1.280E+00 1.495E+00 
1 0.4 -1.098E+03 -4.868E+02 -5.598E+02 4.763E+01 
1.4 2 0.6 -3.730E+02 7.444E+01 6.209E+01 7ー.288E+00
3 1.0 -2.635E+01 1.607E+01 -2.916E+00 6.373E+00 
4 1.8 -1.083E-01 -1.697払01 1.033E+00 1.195E+00 
l 0.4 -8.702E+02 -8.757E+02 -4.521E+02 5.246E-01 
1.6 2 0.6 -4.036E+02 9.300E+01 5.737E+Ol -4.241E+00 
3 1.0 -2.607E+01 1.219E+01 -2.231E+00 5.015E+00 
4 1.8 骨1.085E-01 -1.664E-01 7.998E-01 9.275E-01 
1 0.4 6ー.539E+02 9ー.773E+02 -3.331E+02 -4.757E+01 
1.8 2 0.6 -4.393E+02 9.959E+01 4.705E+01 -8.278E-01 
3 1.0 -2.550E+01 9.231E+00 -1.591E+00 3.521E+00 





-“"‘ 得・・ ，ー ・・....，.噌s・4民民島司、..4- ;'、司@目 、. -輪島司.前向・・園田 園同氏 一， 品
2且





E kp k γk 8=1. T=O 8=1. T=l 8=1. T=O 8=1. T=l ' 
l 0.4 -1.833E+03 3.459E+03 -1.117E+03 申1.670E+03
0.6 2 0.6 -2.852E+02 -9.173E+01 7.631E+01 6.080E+01 
3 1.0 -2.671E+01 3.441E+01 -6.925E+00 7.176E+00 I 
4 1.8 -1.080E-01 -1.851E-01 2.238E+00 3.015E+00 I 
1 0.4 -1.667E+03 2.316E+03. -1.022E+03 -1.138E+03 
0.8 2 0.6 由2.992E+02 -4.510E+01 8.019E+01 3.949E+01 
3 1.0 時2.656E+01 3.011E+01 事 6.744E+00 7.367E+00 
4 1.8 -1.081E-01 1ー.815E-01 2.115E+00 2.638E+00 
1 0.4 . -1.467E+03 7. 190E+02 -9.062E+02 -5.658E+02 
1.0 2 0.6 -3.158E+02 2.063E+01 8.303E+01 1.611E+01 
3 1.0 -2.664E+01 2.422E+01 -5.664E+00 7.919E+00 
4 1.8 -1.081E-01 1ー.765E-01 1.795E+00 2.33E+00 
1 0.4 1ー.249E+03 -3.743E+02 -7.858E+02 -2. 180E+02 
110 1.2 2 0.6 国3.377E+02 6.743E+01 8.357E+01 2.184E+00 
3 1.0 -2.676E+01 1.884E+01 -4.481E+00 7.745E+00 
4 1.8 暢1.080E-01 -1.720E-01 1.461E+OO 1.832E+00 
0.4 -1.026E+03 -8.963E+02 骨6.625E+02 -1.223E+02 
1.4 2 0.6 3ー.654E+02 9.177E+01 8.021E+01 7ー.293E-01
3 1.0 -2.673E+01 1.454E+01 -3.451E+00 6.666E+00 
4 1.8 -1.080E-01 1ー.684E-01 1. 168E+00 1.484E+00 
1 0.4 8ー.098E+02 -1.065E+03 -5.363E+02 -1.313E+02 
1.6 2 0.6 -3.980E+02 1.016E+02 7.234E+01 1.221E+00 
3 1.0 -2.645E+01 1.120E+01 -2.599E+00 5.148E+OO 
. 
4 1.8 -1.082E-01 -1.656:8-01 9.148E-01 1. 185E+00 
0.4 -6.074E+02 -1.069E+03 -4.061E+02 -1.301E+02 
1.8 2 0.6 -4.345E+02 1.041E+02 5.990E+01 2.775E+00 
3 1.0 -2.585E+01 8.610E+00 帽1.886E+OO 3.677E+00 




Table 7: Same as Table 4. 
， 
real lmaglnary 
E kF k γた 8=1， T=O 8=1. T=l S=13T=0 S=lFTzl 
1 0.4 -1.640E+03 2.018E+02 -1.296E+03 -1.905E+03 
0.6 2 0.6 -2.712E+02 3.689E+01 1. 137E+02 6.838E+01 
3 1.0 甲2.673E+01 2.723E+01 -8.062E+00 8.609E+00 
4 1.8 -1.080E-01 -1.791E-01 2.268E+00 3.579E+00 
1 0.4 -1.512E+03 1.363E+02 -1. 169E+03 -1.353E+03 
0.8 2 0.6 -2.865E+02 4.156E+01 1.112E+02 4.713E+01 
3 1.0 -2.669E+01 2.492E+01 -7.478E+00 8.249E+00 
4 1.8 -1.080E-01 -1.771E-01 2.134E+00 3.152E+00 
1 0.4 -1.336E+03 -4.210E+02 -1.023E+03 -7.574E+02 
1.0 2 0.6 3ー.065E+02 6.698E+01 1.079E+02 2.340E+01 
3 1.0 ー2.682E+01 2090E+01 -6.086E+00 8.320E+00 
4 1.8 -1.079E-01 -1.738E-01 1.815E+00 2.643E+00 
l 0.4 -1.138E+03 8ー.939E+02 -8.826E+02 -4. 140E+02 
140 1.2 2 0.6 ー3.314E+02! 8.957E+01 1.038E+02 1.016E+01 
3 1.0 ー2.700E+01 1.676E+01 -4.773E+00 7.766E+00 
4 1.8 -1.078E-01 -1.703E-01 1.502E+00 2.175E+00 
1 0.4 -9. 344E+02 -1.114E+03 7ー.442E+02 -2.951E+02 
1.4 2 0.6 -3.611E+02 1.019E+02 9.691E+01 6.787E+00 
3 1.0 ー2.703E+01 1.321E+01 -3.707E+00 6.477E+00 
4 1.8 ー1.077E-01 1ー.673E-01 1.233E+00 1.787E+00 
0.4 -7.354E+02 1ー.162E+03 -6.068E+02 -2.444E+02 
1.6 2 0.6 -3.950E+02 1.068E+02 8.635E+01 6.454E+00 
3 1.0 -2.678E+Ol 1.029E+Ol -2.825E+00 5.004E+00 
4 1.8 -1.079E-01 -1.648E-01 9.896E-01 1.443E+00 
1 0.4 -5.490E+02 -1.121E+03 -4.686E+02 1ー.911E+02
1.8 2 0.6 -4.320E+02 1.072E+02 7. 193E+01 5.774E+00 
3 1.0 -2.619E+01 7.966E+00 -2.090E+00 3.679E+00 









E kF k γk S=l， T=O S=1. T=l ? S=1. T=O ， S=1. T=l 
1 0.4 -1.407E+03 -1.426E+03 -1.358E+03 -1.639E+03 
0.6 2 0.6 -2.678E+02 1.053E+02 1.368E+02 5.699E+01 
3 1.0 唱2.629E+01 2.160E+Ol -5.999E+00 1.009E+01 
4 1.8 ー1.084E-01 -1.743E-01 1.669E+00 3.953E+00 
0.4 1ー.321E+03 -1.044E+03 -1236E+03 世1.348E+03
' 0.8 2 0.6 -2.821E+02 9.145E+01 1.322E+02 4.712E+01 
3 1.0 -2.649E+01 2.065E+01 -5.783E+00 8.792E+00 
4 1.8 -1.082E-01 -1.735E-01 1.655E+00 3.587E+00 
1 0.4 -1.181E+03 -1.052E+03 -1.099E+03 9ー.032E+02
1.0 2 0.6 -3.028E+02 9.453E+Ol 1.277E+02 3.009E+01 
3 1.0 -2.681E+01 1.808E+01 -5.227E+00 8.140E+00 
4 1.8 -1.079&01 -1.714&01 1.570E+00 3.061E+00 
0.4 1ー.012E+03 -1.164E+03 -9.570E+02 -6.000E+02 
170 0.6 -3.289E+02 1.024E+02 1.216E+02 1.890E+Ol 
3 1.0 -2.713E+01 1.497E+Ol -4.492E+00 7.238E+00 
4 l.8 ー1.076E-01 -1.688E-Ol 1.425E+00 2.553E+OO 
0.4 -8.317E+02 -1.214E+03 -8.121E+02 -4.386E+02 
1.4 2 0.6 -3.597E+02 1.076E+02 1.123E+02 1.390E+Ol 
3 1.0 -2.726E+Ol 1.201E+01 四3.697E+00 5.958E+00 
4 1.8 -1.075E-01 -1.663E-01 1.241E+00 2.112E+00 
1 0.4 -6.518E+02 -1. 196E+03 -6.670E+02 3ー.250E+02
1.6 2 0.6 -3.942E+02 1.096E+02 9.954E+01 1.080E+01 
3 1.0 -2.708E+01 9.448E+00 -2.923E+00 4.683E+OO 
• 
4 1.8 -1.077E-01 -1.641E-Ol 1.035E+00 1.702E+00 
0.4 -4. 827E+02 -1. 139E+03 -5.228E+02 -2.283E+02 
1.8 2 0.6 -4.312E+02 1.091E+02 8.326E+01 7.981E+00 
3 1.0 -2.652E+Ol 7.339E+OO -2.217E+00 3.588E+00 
• 
4 1.8 ..1ω2E-01 ..1.624E-Ol 8.203E-Ol 1.301E+OO 
L.....____~_L一 一 一← 4 一一ーー一
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Table 9: Same as Table 4. 
real lmaglnary .-
E kF k rk 8=1， T=O S=l，T=1 S=1FT=0 8=1， T=l 
1 0.4 1ー.168E+03 -2. 134E+03 -1.436E+03 -1.239E+03 
0.6 2 0.6 -2.711E十02 1.394E+02 1.611E+02 4.054E+01 
3 1.0 -2.569E+01 1.709E+01 -4.474E+00 1.133E+01 
4 1.8 -1.089E-01 -1.706E-01 1.289E+00 4.183E+00 
1 0.4 -1.118E+03 -1.620E+03 -1.312E+03 -1.283E+03 
0.8 2 0.6 -2.835E+02 1. 189E+02 1.536E+02 4.573E+01 
3 1.0 直2.614E+Ol 1.708E+01 -4. 279E+00 8.816E+00 
4 1.8 -1.085E-Ol -1.705E-01 1.285E+00 3.991E+00 
1 0.4 -1.017E+03 -1.379E+03 -1.171E+03 -1.012E+03 
1.0 2 0.6 -3.033E+02 1.109E+02 1.468E+02 3.653E+01 
3 1.0 -2.672E+01 1.561E+01 -4.227E+00 7.464E+00 
4 1.8 -1.080E-O l -1.693E-01 1.329E+00 3.508E+00 
1 0.4 -8.796E+02 -1.290E+03 1ー.023E+03 -7.419E+02 
200 1.2 2 0.6 -3.292E+02 1.099E+02 1.384E+02 2.691E+01 
3 1.0 -2.721E+01 1.337E+Ol -3.978E+00 6.338E+00 
4 1.8 :_ 1.076E-01 -1.674E-01 1.314E+00 2.969E+00 
1 0.4 7ー.235E+02 -1.242E+03 岬8.710E+02 5ー.330E+02
1.4 2 0.6 -3.602E+02 1.106E+02 1.269E+02 1.965E+01 
3 1.0 -2.747E+01 1.095E+01 -3.511E+00 5.245E+00 
4 1.8 ー1.074E-01 -1.654E-01 1.218E+00 2.450E+00 
1 0.4 -5.632E+02 -1.190E+03 -7.196E+02 -3.692E+02 
1.6 2 0.6 -3.949E十02 1.108E+02 1.120E+02 1.392E+Ol 
3 1.0 -2.736E+01 8.680E+00 -2.910E+00 4.275E+00 
4 1.8 -1.074E-01 -1.635E-01 1.059E+00 1.956E+00 
1 0.4 -4.109E+02 -1.133E+03 -5.703E+02 -2.444E+02 
1.8 2 0.6 -4.318E+02 1.101E+02 9.395E+01 9.432E+00 
3 1.0 -2.683E+01 6.743E+00 -2.278E+OO 3.440E+00 








Table 10: Ranges and param悦 rsv~r of Eq. (C.1) for real (upper pannel) and imaginary 
(lower pannel) central components of CEG07b 
k 入k
. . 
8=0. T=O 8=0. T=l 8=1. T=O 8=1. T=l 1 3 3 ? ? ? 
1 ー6.20071E+02 7.85830E+02 7.80781E+02 2ー.83038E十03
1 2 6.50816E+00 -7.55411E+00 -3. 16882E+00 2.23900E+01 
3 ー1.96123E-02 5.06055E-02 3.09079E-02 -8.20161E-02 
4 4.97822E-06 9ー.79921E-05 -5.78453E-05 1. 19543E-04 
1.62587E+04 1.02714E+02 1.10644E+04 2.17801E+04 
2 2 四1.98216E+02 5.50860E+01 世 9.88401E+01 -2.58411E+02 
3 8.34105E-01 -3.97308E-01・ 5.21897E-01 1.17854E+00 
1 0.5 4 -1.16958E-03 8.34990E-04 -1.09269E-03 -1.98198E-03 
-6.82563E+04 -1.84740E+03 -5.29277E+04 -8.08347E+04 
3 2 9.69406E+02 -1.39874E+02 6.91002E+02 1.06520E+03 
3 -4.66660E+00 1.125-21E+00 -4.02331E+00 -5.21448E+00 
. 
4 7.61920E-03 2ー.49811E-03 8.39300E-03 9.24836E-03 
1 1.04374E+05 3.24936E+03 6.93864E+04 1.01426E+05 
4 2 -1.53822E+03 1.42102E+02 1ー.00370E+03 1ー.40687E+03
3 7.97788E+00 -1.23336E+00 5.99573E+00 7. 14440E+00 
4 -1.41727E-02 2.83709E-03 -1.25363E-02 1ー.30386E-02
k 入k
. 
S=O，T=0 8=0. T=l S=13T=0 8=1， T=l z 3 3 
1 -3. 27774E+02 5.91338E+02 1.44964E+03 -8.79959E+Ol 
l 2 1. 18820E+Ol -5.31300E+00 -1.64937E十01 -1.90133E+00 
3 -1.05656E-01 2.58957E-02 8.71147E-02 -7.86465E-03 
4 2.73133E-04 -4.64921E-05 由1.62690E-04 5.19177E-05 
1 4.96039E+03 由7.12331E+03 -1.51709E+04 8.79282E+02 
2 2 -1.78727E+02 1.15487E+02 2.88944E+02 -1.60800E+01 
3 1.58216E+00 -6.88360E-01 1ー.79838E+00 3.45799E-01 
1 0.5 4 -4.06586E-03 1.38226E-03 3.66362E-03 -1. 16960E-03 
. 1 -2.26712E+04 2.87923E+04 5.45656E+04 -4.32248E+03 
3 2 8.04407E+02 時5.43855E+02 -1.21971E+03 1.35942E+02 
3 ー7.11839E+OO 3.41497Eナ00 8.21999E+OO 1ー.90804E+00
4 1.82471E-02 圃7.08246E-03 -1.75978E-02 5.88675E-03 
1 3.13291E+04 -3. 76009E+04 -6.63510E+04 7.50484E+03 
4 2 -l.09387E+03 7.44672E+02 1. 55267E+03 -2.33429E+02 
3 9.64875E+OO -4.76967E+OO -l.08519E+01 2.84882E+OO 
4 -2.46777E-02 l.00218E-02 2.38812E-02 -8.44162E-03 
73 
Tl'bJe 11: Sa.lue a.s Tabl~ 10. 
k 入k j $:;:0， T=O 5=0， T=1 S=1. T=O s-1 、 T=1~-1 
1.32182E+02 -3.39634E+02 -2.89637E+02 -1.29001E+Ol 
2 -6.71416&02 3.72438E+OO 2.23743E+OO -1.26271&02 
3 1.28212ら03 -2.34038E-02 -1.56505 E-02 1.46585 E-u3 
4 -1.56687E-06 4.62130E-05 285634ら05 -2.96587E-06 
3.46472E+02 5.84844E+02 -3.90045E+03 349345E+02| 
2 2 1.27724E-Ol -2. 76038E+O 1 :~ . 79279E+O 1 ] .90908E-01 
3 2.40614E-03 1.98092らり1 -] 975R1E心1 -8.57407E-03 
2 0.9 4 -1.55069E-05 -4.24322E-04 I 4.08395 E-04 1.83933E-05 
-9.88947E+02 -3.76225E+02 : 2.08395E+04 -g.144.88E+02 
3 2 9.06309E+OO 743875E+Ol -2.84361E+02 3.73279E+OO 
3 -7.56995E-02 -5.95078E-Ol 164520E+OO 2.94815ら04
4 2.02231 E-04 1.35237E-O;3 -338512E-03 -251543E-07 
一 輸
l 1.90527E+03 -5.79343E+02 -2.821.51 E+04 1 .42396E+03 
4 2 -3.00 112E+O 1 -7.03776E+Ol I 4.25441E+02 -1.48562E+Ol 
3 2.18951ら01 6.21';82ら01 -2.53361E+OO 6.83817E-02 
4 -5.23170E-04 -1.47758らり3 5.23322ら0:3 -1.49975E-04 
k 入k . J 8=0‘T=O s=o. T=l 5=1. T=O S=1. T=l 
-2. 16452E-rOl 2ー7蜘 E+02i再6.32605E+02 -8. 56937E+OO 
2 4.246 16E-0 1 2.97340E+OO 7.80785E+OO 6. 23377E-02 
3 -5.72710ι03 ! -1..54536E-02 -4.36400E-02 -2.44948ι03 
4 134898E-05 2.90786F.r05 835233E-05 6.83491 E-06 
3.22475E+02 3.44786E+03 6. 64474E+03 1.11415E+02 
2 2 -1.19554E+Ol -5.71349E+Ol -1.27375E+02 -4.42899E+OO 
3 1.10859E-Ol 3.45970E-01 8.07898E-Ol 4. 87634E-02 
2 0.9 4 -2.66951E-04 -7. 08620E-04 -1.66836E-03 ‘1.28373E-04 
1 -1.64347E+03 -1.42428E+04 -2.38659E+04 6ー.12540E+02
3 2 5.98321E+01 2.66344E+02 5.27934E+02 2.33119E+Ol 
3 -5.31891E-01 -1.68937E+OO -3.58970E+OO -2.33324E-Ol 
4 1.29382E-03 3.55344E-03 7.73981E-03 6.06855E-04 
1 2.61631E+03 1.85934E+04 2.88575E+04 1.10165E+03 
4 2 骨8.65935E+Ol -3.62880E+02 
蝿6.65880E+02 -3.52164E+Ol 
3 7.50688E-01 2.34460E+00 4.67660E+OO 3. 3282-6E-Ol 






Table 12: Same as Table 10. 
k 入k
. 
8=0. T=O 8=0. T=l S=1. T=O S=1. T=l Z 3 ' F ' 
1 8.81159E+00 3ー.36613E+00 -2.34460E+00 5.86564E-01 
1 2 -6.37497E-04 1.06102E-02 -1.19931E-02 1.05372E-04 
3 -1.50372E-04 -1.64285E-04 -1.49715E-04 7ー.87102E-06
4 4.46423E-07 4.42651E-07 7.41166E-07 6.96879E-09 
-6.98632E+00 3.79767E+00 5ー.19447E+00 3ー.57165E-01
2 2 -8.01696E-02 -1.41189E-01 3ー.92413E-02 -7.24067E-03 
3 1. 37350E-03 1.65188E-03 2.43664E-03 4.64993E-05 . 
3 2.5 4 -4.00131E-06 -4.05699E-06 8ー.51701E-06 -8.56650E-08 
1 1.38612E+01 -1.34335E+01 1.86342E+01 -1.15147E-02 
3 2 4.10563E-01 5. 79544E-0 1 4.39450E-01 2.96554E-02 
3 -5. 16074E-03 幅 5.91121E-03 -1.04352E-02 -1.68345E-04 
4 1.43993E-05 1.38022E-05 3.32625E-05 3.77761E-07 
1 ー3.52063E+00 1.62832E+01 -2.28613E+01 1.41326E+00 
4 2 -6.34413E-01 -7. 16897E-01 -6.63771E-01 -4.38159E-02 
3 6. 94379E-03 6.90808E-03 1.30789E-02 2.61692E-04 
4 ー1.8ω0♀05卜1.5737路05I -4附 2♀05 -5.94827E-07 
k 入k . S=O. T=O S=O. T=l 8=1， T=O S=1. T=1 Z 3 ' ? ? 
1 3.03613E+00 -3. 18746E+00 -8. 18793E+00 1.65218E+00 
1 2 ー1.15477E-01 4.35458E-02 1.62356E-01 -6.27578E-02 
3 8.98355E-04 -2. 17446E-04 -1.21733E-03 5.06158E-04 
4 -2.05665E-06 3.77502E-07 2.87183E-06 -1. 18307E-06 
1 -4.61508E+01 1.39391E+01 5.49615E+01 -2.40453E+01 
2 2 1.49093E+00 -7.90973E-03 -7.53998E-01 7.96975E-01 
3 -1.25101E-02 骨1.07218E-03 5.27167E-03 6ー.63147E-03 I 
3 2.5 4 3.04368E-05 3.90693E-06 1ー.38751E-05 1.60357E-05 
1 1.97598E+02 -3.63335E+00 -1.54707E+02 1.02324E+02 I 
. 
申 3.34540E+00I 3 2 -6.43373E+00 -1. 18630E+00 7. 11948E-01 
3 5.45765E-02 1. 32755E-02 8.99615E-04 2.78254E-02 I 
• 
4 -1.34656E-04 -3.67111E:05 -4.50809E-07 -6. 75978E-05 
1 骨2.45766E+02 -2.61842E+Ol 1.86336E+02 -1.29111E+02 I 
4 2 8.38278E+00 2.24460E+00 2ー.45190E-01 4.30854E+00 
3 ー7.18561E-02 2ー.23919E-02 -1.09139E-02 -3.59467E-02 
• 








Table 13: Ranges and parameters vZT(kF) E) of Eq. (C.2) for real and imagin紅 yLS 
components of CEG07b. 
real 
E kF k γk S=13T=0 S=1?T=1 
1 0.4 -1.565E+03 2.035E+04 
0.6 2 0.6 -3.786E+02 -7.317E+02 
3 1.0 -2.286E+01 5.744E+01 
4 1.8 ー1.115E-01 -2.042E-Ol 
0.4 -1.519E+03 1. 332E+04 
0.8 2 0.6 -3.692E+02 -4.666E+02 
3 1.0 四2.373E+01 4.751E+Ol 
4 1.8 -1.112E-01 -1.954E-Ol 
l 0.4 1ー.443E+03 7.399E+03 
1.0 2 0.6 -3.602E+02 -2.428E+02 
3 1.0 -2.476E+Ol 3.842E+01 
4 1.8 -1.111E-Ol -1.871E-Ol 
1 0.4 -1.287E+03 3.564E+03 
50 1.2 2 0.6 3ー.616E+02I -9.635E+01 
3 1.0 -2.569E+Ol 3.141E+Ol 
4 1.8 -1.115E-Ol -1.801E-01 
1 04 -1.075E+03 1.577E+03 
1.4 2 0.6 -3.763E+02 -1.964E+Ol 
3 1.0 -2.651E+Ol 2.677E+01 
4 1.8 ー1.127E-Ol -1. 746E-Ol 
1 0.4 -8.412E +-02 7.107E+02 
1.6 2 0.6 -4.042E+02 1.435E+Ol 
3 1.0 -2.731E+01 2.393E+01 
4 1.8 -1. 148E-Ol -1.699E-01 
1 0.4 -5.975E+02 -7.228E+02 
1.8 2 0.6 回4.485E+02 7.592E+Ol 
3 1.0 -2.971E+01 1.848E+01 
4 1.8 -1.169E-Ol -1.620E-01 
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lmaglnary 




























1.555E-01 2. 262E-02 
， 
.-， 
Table 14: Same as Table 13. 
real . . ImagInary 
E kF k 'Yk 8=1， T=O 8=1. T=l 3 8=1. T=O 3 8=1. T=l 
0.4 1ー.886E+03 9.927E+03 -8.423E+02 -4.023E+02 
0.6 2 0.6 -3.154E+02 -3.407E+02 3.506E+Ol 1.418E+Ol 
3 1.0 由 2.563E+Ol 4.529E+Ol -4.913E+00 6.426E+00 
4 1.8 -1.092E-Ol -1.940E-Ol 2.130E+00 2.329E+00 
1 0.4 -1.707E+03 6.892E+03 -7.808E+02 -5.830E+02 . 
0.8 2 0.6 申3.215E+02 -2.248E+02 4.389E+01 1.914E+01 
3 1.0 由 2.565E+Ol 3.959E+Ol -4.839E+00 6.473E+00 
4 1.8 -1.096E-01 -1.888E-01 2.003E+00 2.193E+00 
0.4 -1.517E+03 3.671E+03 -7.126E+02 -3.778E+02 I . 
1.0 2 0.6 由 3.271E+02 -1.008E+02 5.320E十01 8.730E+00 
3 1.0 司 2.607E+01 3.305E+Ol -4.365E+00 7.367E+00 
4 1.8 -1.100E-01 圃1.826E-01 1.858E+00 2.088E+00 
1 0.4 -1.302E+03 1.483E+03 -6.212E+02 7ー.099E+01
80 1.2 2 0.6 -3.388E+02 -1.569E+Ol 5.907E+Ol -5.198E+00 
3 1.0 骨2.668E+01 2.774E+Ol 3ー.646E+00 7.927E+00 
4 1.8 -1.107E-01 -1.771E-Ol 1.716E+00 1.911E+00 
1 0.4 -1.073E+03 3.981E+02 -5.012E+02 7.280E+Ol 
1.4 2 0.6 申3.593E+02 2.692E+Ol 5.806E+Ol -1.151E+Ol 
3 1.0 -2.736E+Ol 2.433E+01 -2.809E+00 7.404E+00 
4 1.8 -1. 120E-01 1ー.726E-01 1.549E+00 1. 660E+00 
1 0.4 骨8.409E+02 2.490E+Ol -3.545E+02 1.066E+02 
1.6 2 0.6 -3.903E+02 4.151E+01 4.812E十01 -1.217E+Ol 
3 1.0 -2.797E+01 2.248E+01 -1.862E+00 6.009E+00 
4 1.8 -1. 142E-01 1ー.687E-Ol 1.261E+00 1.284E+00 
1 0.4 -6.068E+02 -3.530E+Ol -1.722E+02 2.014E+02 
1.8 2 0.6 -4.341E+02 4.451E+Ol 2.656E+Ol -1.420E+Ol 
3 1.0 -2.871E+Ol 2.124E+Ol -7. 183E-Ol 4.169E+00 
a‘ 4 1.8 -1. 177E-Ol -1.643E-Ol 6.370E-Ol 5.698E-Ol 
一 一一一一一 一
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Table 15: Same as Table 13. 
real lmaglnary . 
E kF k γk S=l?T=O 3=1， T=l S=lFT=O 8=1， T=l 
1 0.4 -1.831E+03 3.675E+03 -1.115E+03 時1.741E+03
0.6 2 0.6 -2.829E+02 -1.018E+02 7.627E+01 6.324E+01 
3 1.0 世2.670E+01 3.558E+01 -6.998E+00 7.275E+00 
4 1.8 -1.083E-01 -1.858E-01 2.344E+00 3.131E+00 
1 0.4 -1.660E+03 2.716E+03 帽1.017E+03 -1.252E+03 
0.8 2 0.6 -2.944E+02 -6.422E+01 8.028E+01 4.317E+01 
3 1.0 -2.657E+01 3.254E+01 国6.917E+00 7.609E+00 
4 1.8 自1.089E-Ol -1.828E-01 2.346E+00 2.874E+00 
1 0.4 -1.457E+03 1.256E+03 -8.903E+02 -6.923E+02 
1.0 2 0.6 -3.073E+02 6ー.540E+00 8.296E+01 1.953E+01 
3 1.0 -2.682E+01 2.822E+01 -5.902E+00 8.384E+00 
4 1.8 -1.094E-01 -1. 785E-01 2.182E+00 2.615E+OO 
1 0.4 -1.241E+03 1.606E+02 -7.503E+02 -3.121E+02 
110 1.2 2 0.6 -3.245E+U2 3.728E+01 8.268E+01 3.354E+00 
3 1.0 -2.738E+Ol 2.446E+01 -4.639E+00 8.505E+00 
4 1.8 骨1.101E-01 -1.743E-01 1.995E+00 2.351E+00 
1 0.4 -1.024E+03 -3.857E+02 6ー.004E+02 1ー.692E+02
1.4 2 0.6 -3.481E+02 5.924E+01 7.709E+01 由2.349E+00
3 1.0 -2.808E+01 2.200E+01 -3.456E+00 7.616E+00 
4 1.8 ー1.114E-01 -1.706E-01 1.813E+00 2.079E+OO 
1 0.4 -8.121E+02 -5.150E+02 -4.376E+02 -1.136E+02 
1.6 2 0.6 -3. 799E十02 6.404E+01 6.405E+01 -3.646E+00 
3 1.0 時2.869E+Ol 2.082E+01 -2.351E+00 6.142E+00 
4 1.8 -1. 136E-01 -1.673E-01 1.551E+00 1.710E+00 
0.4 6ー.005E+02 -3.496E+02 -2.510E+02 9.231E+00 
1.8 2 0.6 -4.232E+02 5.687E+01 4.083E+01 -7. 136E+OO 
3 1.0 -2.914E+Ol 2.058E+Ol -1.176E+OO 4.522E+OO 
















































Table 16: Same 鎚 Table13. 
real . . lmaglnary 
S=1. T=O ? S=1. T=l S=l. T=O F S=1. T=l F 
-1.641E+03 2.718E+02 ‘1. 292E+03 -1.978E+03 
-2.685E+02 3.265E+01 1. 139E+02 7.080E+01 I 
-2.678E+01 2.809E+01 -8.131E+00 8.712E+00 
-1.082E-01 -1.795E-01 2.380E+00 3.712E+00 
-1.511E+03 3.069E+02 -1.158E+03 -1.482E+03 
-2.807E+02 3.157E+01 1. 116E+02- 5.136E+01 
2ー.682E+01 2.685E+01 7ー.641E+00 8.447E+00 
-1.086E-01 情1.781E-01 2.381E+00 3.429E+00 I 
-1.336E+03 -1.533E+02 -1.000E+03 -9.226E+02 . 
-2.964E+02 5.065E+01 1.083E+02 2.840E+01 
-2.718E+01 2.429E+01 6ー.323E+00 8.641E+00 
-1.091E-01 -1.752E-01 2.236E+00 3.096E+00 
-1. 143E+03 -6.183E+02 -8.406E+02 -5.662E+02 
-3. 160E+02 7.002E+01 1.035E+02 1.373E+01 
-2.787E+01 2.175E+01 -4.954E+00 8.321E+00 i 
-1.097E-01 1ー.720E-01 2.097E+00 2.788E+00 
9ー.481E+02 -8.478E+02 6ー.770E+02 -4.202E+02 
3ー.409E+02 7.949E+01 9.455E+01 8.371E+00 
2ー.869E+01 2.004E+01 -3.770E+00 7.192E+00 I 
-1.109E-01 -1.690E-01 1.972E+00 2.505E+00 I 
-7.613E+02 -8.745E+02 -5.054E+02 世 3.214E+02
-3.726E+02 8.004E+01 7.897E+01 5.307E+00 
• 
-2.940E+01 1.926E+01 -2.651E+00 5.817E+00 
-1. 130E-01 -1.660&01 1.760E+00 2. 124E+00 
-5.782E+02 6ー.654E+02 -3. 163E+02 -1.694E+02 
-4.145E+02 7.029E+Ol 5.421E+01 1.500E-01 
-2.976E+Ol 1.953E+Ol -1.517E+00 4.489E+00 
国1.169E-01 -1.629E-01 1.305E+00 1.457E+00 
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Table 17: Same as Table 13. 
. 
real lmaglnary ，. 
E kF k γた 8=1， T=O S=l，T=1 8=1， T=O 8=1. T=l ? 
1 0.4 -1.409E+03 -1.424E+03 -1.349E+03 -1.697E+03 
0.6 2 0.6 -2.648E+02 1.039E+02 1.368E+02 5.883E+01 
3 1.0 -2.639E+01 2.225E+01 -5.957E+00 1.020E+Ol 
4 1.8 -1.086E-01 -1. 746E-01 1.762E+00 4.094E+00 
1 0.4 -1.324E+03 -1.003E+03 -1.217E+03 -1.475E+03 
0.8 2 0.6 -2.756E+02 8.689E+01 1.322E+02 5.126E+01 
3 1.0 -2.673E+01 2.221E+01 -5.743E+00 8.926E+00 
4 1.8 -1.087E-01 -1. 742E-01 1.871E+00 3.894E+00 
1 0.4 -1.188E+03 -9.459E+02 -1.066E+03 1ー.091E+03
1.0 2 0.6 -2.914E+02 8.500E+01 1.278E+02 3.621E+01 
3 1.0 -2.734E+01 2.101E+01 -5.232E+00 8.281E+00 
4 1.8 ー1.090E-01 -1. 725E-01 1.966E+00 3.578E+00 
1 0.4 -1.026E+03 : -1.043E+03 申9.065E+02 -8.039E+02 
170 1.2 2 0.6 -3.117E+02 8.946E+01 1.214E+02 2.491E+01 
3 1.0 -2.824E+01 1.947E十01 -4.538E+00 7.485E+00 
4 1.8 自1.094E-01 -1.701E-01 2.034E+00 3.263E+00 
l 0.4 -8.576E+02 -1.106E+03 7ー.388E+02 -6.329E+02 
1.4 2 0.6 -3.368E+02 9.205E+01 1.104E+02 1.865E+01 
3 1.0 -2.923E+01 1.833E+01 -3.717E+00 6.338E+00 
4 1.8 ー1.104E-01 -1.676E-01 2.038E+00 2.952E+00 
1 0.4 6ー.958E+02 -1.086E十03
四 5.625E+02 -4.885E+02 
1.6 2 0.6 -3.679E+02 9.048E+01 9.294E+01 1.341E+01 
3 1.0 -3.007E+01 1.789E+01 
明2.780E+00 5. 190E+00 
4 1.8 -1. 125E-01 同1.648E-0 1 1.911E+00 2.535E+00 
1 0.4 -5.418E+02 -9. 146E+02 -3.717E+02 国3.117E+02
1.8 2 0.6 -4.080E+02 8.171E+01 6.676E+01 6.539E+OO 
3 1.0 -3.046E+01 1.836E+Ol -1.710E+OO 4.228E+OO 







Table 18: Same as Table 13 . 
real . lmaglnary 
E kF k γk S=l， T=O S=1. T=l S=1. T=O ? S=1. T=l 
1 0.4 -1.172E+03 -2.161E+03 -1.425E+03 1ー.280E+03
0.6 2 0.6 -2.678E+02 1.394E+02 1.609E+02 4.167E+01 
3 1.0 -2.584E+01 1.760E+01 -4.344E+00 1.144E+01 
4 1.8 -1.090E-01 -1.707E-01 1. 367E+00 4.326E+00 
1 0.4 1ー.126E+03 -1.638E+03 1ー.288E+03 -1.400E+03 I . 
0.8 2 0.6 -2.764E+02 1.171E+02 1.532E+02 4.963E+01 
3 1.0 -2.649E+01 1.838E+01 -4.029E+00 8.872E+00 
4 1.8 -1.089E-01 1ー.710E-01 1. 465E+00 4.323E+00 
l 0.4 -1.030E+03 . -1.366E+03 1ー.131E+03 -1.209E+03 
1.0 2 0.6 -2.907E+02 1.056E+02 1.464E+02 4.335E+01 
3 1.0 -2.742E+01 1.818E+01 3ー.925E+00 7.401E+00 
4 1.8 -1.089E-01 事1.701E-01 1.680E+00 4.086E+00 
1 0.4 -9.006E+02 -1.263E+03 -9.645E+02 世9.796E+02
200 1.2 2 0.6 -3.103E+02 1.012E+02 1.378E+02 3.487E+01 
3 1.0 -2.855E+01 1.749E+01 3ー.744E+00 6.237E+00 
4 1.8 -1.091E-01 1ー.684E-01 1.899E+00 3.777E+OO 
1 0.4 -7.588E+02 1ー.226E+03 7ー.919E+02 7ー.803E+02
1.4 2 0.6 -3.349E+02 9.930E+01 1.251E+02 2.722E+01 
3 1.0 -2.972E+01 1.687E+01 -3.383E+00 5.210E+00 
4 1.8 -1.100E-01 -1.663E-01 2.041E+00 3.417E+00 
1 0.4 6ー.212E+02 -1.196E+03 -6.123E+02 -5.990E+02 
. 1.6 2 0.6 -3.652E+02 9.703E+01 1.061E+02 1.978E+01 
3 1.0 -3.071E+01 1.665E+01 国2.748E+00 4.404E+00 
4 1.8 -1.119E-01 -1.638E-01 2.015E+00 2.938E+00 
0.4 -4.941E+02 -1.083E+03 -4.200E+02 -4.127E+02 
1.8 2 0.6 -4.035E+02 9.026E+Ol 7.862E+01 1.169E+01 
3 1.0 ー3.119E+01 1.724E+Ol 骨1.806E+OO 3.820E+00 
• 4 1.8 -1. 156E-01 -1.609E-01 1.705E+00 2.224E+OO 
」由 一一一一 一一一一 一
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Table 19: Ranges and 抑制御sv~r of Eq. (C.1) for real (upper pannel) and imaginary 




8=0. T=O 8=0. T=1 8=1， T=O 8=1. T=l Z 3 ' F 
l -6.03541E+02 7.86964E+02 7.70603E+02 -2.83403E+03 
1 2 6. 16276E+00 7ー.58475E+00 -2.94186E+00 2.24052E+01 
3 -1.72617E-02 5.08373E-02 2.92441E-02 -8. 19236E-02 
4 -1.83711E-07 -9.855 28E-05 -5.39698E-05 1. 19160E-04 
1 1.53721E+04 8.95080E+01 1. 12323E+04 2. 14540E+04 
2 2 -1.80153E+02 5.49570E+Ol 1ー.04052E+02 -2.54693E+02 
3 7.10462E-01 ふ96576E-01 5.62104E-01 1.15429E+00 
1 0.5 4 -8.94571E-04 8.34523E-04 -1. 18808E-03 -1.92551E-03 
1 -6.11291E+04 -2.17131E+03 -5.51309E+04 7ー.86210E+04
3 2 8.08503E+02 -1.31982E+02 7.41448E+02 1.03467E+03 
3 -3.53153E+00 1.08383E+00 -4.37047E+00 -5.00767E+00 
4 5.06213E-03 -2.42805E-03 9.16219E-03 8.76117E-03 
1 8.29588E+04 4.96100E+03 7.68295E+04 9.71202E+04 
4 2 -1.11797E+03 1.093'11E+02 -1.14704E+03 1ー.33376E+03
3 5.10383E+00 -1.03850E+00 6.94311E+00 6.64492E+00 




8=0， T=O 8=0. T=1 8=1. T=O 8=1. T=l Z 3 3 ? 
1 -3.26092E+02 5.97629E+02 1.45953E+03 -8.38626E+01 
1 2 1. 18229E+01 -5.45120E+00 -1.67009E+01 -1.98780E+00 
3 -1.05108E-01 268749E-02 8.86244E-02 -7.38896E-03 
4 2.71671E-04 -4.87366E-05 -1.66406E-04 5.10929E-05 
1 4.93148E+03 -7. 13027E+03 -1.51405E+04 7.45792E+02 
2 2 -1.77346E+02 1.16339E+02 2.87327E+02 時1.61679E+01
3 1.56888E+OO -6.94957E-Ol -1.78417E+00 3.45429E-01 
1 0.5 4 -4.03058E-03 1. 39848E-03 3.63500E-03 -1. 16811E-03 
1 -2.22576E+04 2.92666E+04 5.55306E+04 -3.91942E+03 
3 2 7.92887E+02 -5.52544E+02 -1.21652E+03 1.35298E+02 
3 -7.02178E+00 3.46664E+00 8.10349E+00 -1.89381E+00 
4 1.80128E-02 -7. 18643E-03 -1.72524E-02 5.84571E-03 
1 3.02084E+04 -3.83006E+04 -6.77316E+04 6.55589E+03 
4 2 -1.06897E+03 7.58260E+02 1.55163E+03 -2.23295E+02 
3 9.46048E+00 -4.85208E+00 -1.06460E+01 2.76826E+00 






Table 20: Same as Table 19. 
k 入k
. . 
8=0. T=O 8=0. T=l 8=1. T=O 8=1. T=l Z 3 3 F ， 
1 1.34067E+02 -3.40821E+02 句 2.86234E+02 -1.21801E+01 
2 -1.11295E-01 3.74935E+00 2. 16382E+00 -3.08439E-02 
3 1.61509E-03 -2.35620E-02 -1.51233E-02 1.60173E-03 
4 -2.35940E-06 4.65425E-05 2.73714E-05 -3.27320E-06 
1 2. 15033E+02 5.95043E+02 3ー.93348E+03 2.51270E+02 
2 2 2. 17954E+00 -2.77948E+01 3.88412E+01 1.07968E+00 
3 ー1.27230E-02 L98417E-01 -2.04814E-01 -1.446058-02 . 
2 0.9 4 1.98193E-05 -4.23793E-04 4.25478E-04 3. 16670E-05 
1 -3.44405E+02 置4.40535E+02 2. 13950E+04 情4.55997E+02
3 2 -7.24474E+00 7.40141E+01 -2.95713E+02 -3.80081E+00 
3 4.26824E-02 -5.89344E-01 1.71691E+00 5.17741E-02 
4 -7.36578E-05 1.333798-03 -3.53695E-03 -1.17479E-04 
l 2.92578E+02 -6.68046E+02 -3.04460E+04 5.35946E+02 
4 2 6.78024E+00 -6.70526E+01 4.65109E+02 3.29381E+00 
3 -4.31590E-02 5.95201E-01 -2.78038E+00 -5.63450E-02 
4 7.99424E-05 1ー.41165E-03 5.75209E-03 1.32703E-04 
k 入k . 8=0. T=O 8=0， T=l 8=1. T=O 5=1. T=l Z 3 ? 7 
1 ー2.10860E+01 -2.73845E+02 -6.37229E+02 8ー.12802E+00
1 2 4.09997E-01 3.03501E+00 7.90155E+00 5.30084E-02 
3 -5.61279E-03 -1.58893E-02 -4.42859 E-02 -2.39091E-03 
4 1.32236E-05 3.00779E-05 8.50171E-05 6.71502E-06 
1 2.96125E+02 3.44747E+03 6.64125E+03 9.57575E+01 
2 2 -1.11508E+01 -5. 75002E+0 1 ー1.27030E+02 -4.27400E+00 
3 1.05494E-01 3.48956E-01 8.03689E-01 4.73242E-02 
2 0.9 4 -2. 53704E-04 -7. 15968E-04 -1.65805 E-03 -1.24419E-04 
1 -1.45585E+03 -1.43808E+04 置2.42826E+04 -5.32732E+02 . 
3 2 5.50817E+01 2.69638E+02 5.28628E+02 2.18167E+01 
3 -4.96730E-01 -1. 71037E+00 -3.55683E+00 -2.20665E-01 
4 1.20595E-03 3.59666E-03 7.62149E-03 5.73525E-04 
2. 14120E+03 1.88412E+04 2.94647E+04 8.76366E+02 
4 2 -7.67886E+01 -3.68757E+02 6ー.68981E+02 -3.10117E+01 
3 6.79726E-01 2.38202E+00 4.62176E+00 3.00949E-01 
4 -1.65464E-03 -5.06079E-03 -1.00901E-02 -775740E-04 
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Table 21: SamE_)凶 Table19. 
k 入k . 
. S=O， T=O 8=0， T=l S=l， T=O 5=1， T=l t 3 
， 
8.81539E+OO -3.36596E+OO -2. 34468E+OO 5. 86984E-0 1 
2 ー6.72739E-04 l.06171E-02 -1. 18754E-02 9.63301 E-05 
3 -1.50254&04 -1.64075E-04 -1.50604 E-04 -7 .80772E-06 
4 4.46152&07 4.41409E-07 7.42644E-07 6.80761 E-09 
1 骨7.10997E+OO 3.82726E+00 -5.23450E+OO -3.88280&01 
2 2 -7.99251E-02 -1.41869E-01 -4.45087E-02 -6.84509&03 
3 1.37279E-03 1.63103E-03 2.45579E-03 4.45485E-05 
3 2.5 4 ふ99488E-06 3ー.98213E-06 -8.52193E-06 -8. 13635E-08 
1 1.46303E+Ol -1.37472E+Ol 1.81369E+Ol 1.28899E-Ol I 
3 2 3.65529E-Ol 5.72405E-01 4.46713E-Ol 2.43323E-02 I 
3 -4.90453E-03 -5. 74937E-03 -1.02318&02 -1.斜805E-041
4 1. 39345E-05 1.33542E-05 3.25536&05 3.39496E-07 守
1 -9.14527E+OO 1. 73902E+0 1 -2.04198E+Ol 6.82978E-0 1 
4 2 -4.86408E-01 -7.05975E-Ol -6.78752E-01 -3.00 156E-02 
3 6.00545E-03 6.67876E-03 1.27464E-02 1. 89318E-04 
4 -1.67767E-05 -151284E-05 -3.94360E-05 -4.67536&07 
一 一 一一 一一 一 一一一一一一 一一 一
k 入k
. . 
8=げ =0 ! 8-=0， T=l 5=1， T=O 5=1， T=l t 3 
一
1.65475E+∞i 1 3.02383E+OO -3.22924E+OO -8.32571E+00 
1 2 -1. 14904E-Ol 4.45110E-02 1.66147&01 -6.27823E-02 
3 8.93063E-04 -2. 24595E-04 幅 1.24703E-03 5.06137E-04 1 
4 -2.04331E-06 3.94283E-07 2.94181E-06 ~ 1.18270&06 I 
1 -4.60013E+Ol 1.55315E+Ol 6. 14329E+Ol 
2 2 1.47719E+00 -4.85697E-02 -9. 47740E-01 7.97535E-Ol 
3 -1.23433E-02 -7.51716E-04 6.83497E-03 -6.62111E-03 I 
3 2.5 4 2. 99385E-05 3. 12672E-06 -1. 76302E-05 1.59712E-05 I 
1.95644E+02 .7. 93748E+00 -1.86402E+02 l.02540E+02 j 
州 1仙川3 2 -6. 33740E+OO -1.02209E+OO 1.97370E+OO 
3 5.36770E-02 1. 17039E-02 -1.07605E-02 2.77663E-02 
4 -1.32071E-04 骨3.24459E-05 2.96616E-05 岬6.73031E-05
1 -2.49016E+02 -2.97338E+01 2.07543E+02 -1.31101E+02 
4 2 8.29574E+OO 2. 18870E+00 -1.82722E+00 4.31565E+OO 
3 同7.08313E-02 -2.11504&02 6.70985E-03 司3.59287&02






Table 22: Ranges and parameters v~T(kF ， E) of Eq. (C.2) for real and imaginary LS 




E kF k γた 8=1， T=O 8=1. T=l .? 8=1. T=O 8=1， T=l 
1 0.4 -1.572E+03 2.035E+04 -4.484E+02 2.193E+03 
0.6 2 0.6 -3.798E+02 -7.316E+02 1ー.322E+00 8ー.216E+01
3 1.0 -2.285E+01 5.745E+01 -2.353E+00 6.229E+00 
4 1.8 目1.114E-01 -2.043E-01 1.623E+00 1.309E+00 
1 0.4 -1.534E+03 1.330E+04 -4.526E+02 5.019E+02 
0.8 2 0.6 -3.717E+02 -4.660E+02 1.062E+01 -1.996E+Ol 
3 1.0 -2.372E+01 4.752E+Ol -2.397E+00 4.823E+00 
4 1.8 -1.110E-01 -1.957E-01 1.405E+00 1.329E+00 
. 
1 0.4 -1.471E+03 7.329E+03 -4.751E+02 -1.481E+01 
1.0 2 0.6 田3.642E+02 -2.400E+02 2.377E+01 2ー.845E+00
3 1.0 -2.473E+01 3.838E+01 -2.552E+00 5.424E+00 
4 1.8 -1.106E-01 -1.876E-01 1. 344E+00 1.442E+00 
0.4 -1.330E+03 3.391E+03 -4.716E+02 9.463E+01 
50 1.2 2 0.6 -3.669E+02 -8.954E+01 3534E+Ol -9.755E+00 
3 1.0 -2.561E+01 3.121E+01 2ー.607E+00 6.597E+00 
4 1.8 -1.105E-01 -1.810E-01 1.327E十00 1.453E+00 
1 0.4 -1.133E+03 1.285E+03 -4.183E+02 2.375E+02 
1.4 2 0.6 自3.824E+02 -7.996E+00 4.077E+01 -1.701E+01 
3 1.0 由 2.632E+01 2.632E+01 2ー.377E+00 6.935E+00 
4 1.8 -1.109E-01 -1.759E-01 1.261E+OO 1.321E+00 
1 0.4 9ー.165E+02 3.331E+02 -3.217E+02 2.352E+02 . 
1.6 2 0.6 -4.093E+02 2.944E+01 3.786E+Ol -1.715E+Ol 
3 1.0 -2.688E+Ol 2.333E+Ol -1.829E+00 6.166E+00 
• 
4 1.8 -1.119E-01 申1.721E-01 1.077E+00 1.075E+00 
1 0.4 -6.992E+02 -5.895E+01 -1.887E+02 2.106E+02 
1.8 2 0.6 4ー.473E+02 4.564E+01 2.566E+01 -1.503E+01 
3 1.0 -2.738E+01 2.134E+Ol 9ー.646E-01 4.631E+00 











Table 23: Same as Table 22. 
. . 
real lmaglnary 
k 8=1. T=O S=l?T=1 8=1， T=O 8=1. T=1 γた 3 ? 
1 0.4 -1.893E+03 9'.923E+03 -8.465E+02 -4.045E+02 
2 0.6 -3.165E+02 -3.405E+02 3.490E+01 1.427E+Ol 
3 1.0 -2.564E+01 4.529E+01 -4.958E+00 6.444E+00 
4 1.8 -1.091E-01 情1.941E-01 2.132E+00 2.331E+00 
1 0.4 -1.721E+03 6.876E+03 -7.905E+02 -5.895E+02 
2 0.6 -3.240E+02 -2.242E+02 4.368E+01 1.940E+01 
3 1.0 -2.565E+01 3.959E+01 -4.959E+00 6.513E+OO 
4 1.8 -1.093E-01 骨1.890E-01 2.011E+00 2.199E+00 
1 0.4 -1.540E+03 3.606E+03 -7.317E+02 -3.862E+02 
2 0.6 -3.313E+02 -9.816E+01 5.324E+01 9.016E+00 
3 1.0 -2.604E+Ol 3.297E+01 -4.615E+00 7.497E+00 
4 1.8 -1.095E-01 -1.831E-01 1.875E+00 2.107E+00 
1 0.4 -1.335E十03 1.340E+03 -6.528E+02 7ー.975E+Ol
2 0.6 3ー.448E+02 -9.763E+00 5.989E+Ol -5.053E+00 
3 1.0 -2.659E+01 2.747E+01 -4.060E+00 8.232E+00 
4 1.8 -1.097E-01 -1.778E-01 1.751E+00 1.957E+00 
1 0.4 -1.116E+03 1.583E+02 -5.476E+02 4.378E+Ol 
2 0.6 -3.668E+02 3.699E+01 6.057E+01 -1.080E+01 
3 1.0 -2.715E+01 2.377E+01 3ー.383E+00 7.902E+00 
4 1.8 -1.102E-01 -1.738E-01 1.620E+00 1.763E+OO 
1 0.4 -8.989E+02 -3.248E+02 -4.206E+02 2.278E+01 
2 0.6 -3.973E+02 5.630E+01 5.399E+01 -9.557E+00 
3 1.0 ー2.762E+01 2.160E+01 -2.572E+00 6.696E+00 
4 1.8 ー1.113E-01 -1.707E-01 1.420E+00 1.518E+00 
1 0.4 -6.906E+02 -4. 145E+02 -2.720E+02 1.954E+01 
2 0.6 -4.368E+02 5.989E+01 3.929E+01 -8. 156E+00 
3 1.0 -2.788E+01 2.051E+01 -1.563E+00 5.110E+00 







Table 24: Same as Table 22 . 
real . . lmaglnary 
E kF k γk S=l， T=O 8=1， T=l 8=1. TニO' 8=1. T=l 
l 0.4 -1.836E+03 3.669E+03 -1.121E+03 1ー.742E+03I 
0.6 2 0.6 -2.840E+02 1ー.015E+02 7.614E+Ol 6.329E+Ol 
3 1.0 -2.670E+01 3.557E+Ol -7.070E+00 7.300E+00 
4 1.8 ー1.082E-01 -1.859E-01 2.345E+00 3.133E+00 
1 0.4 -1.671E+03 2.707E+03 -1.029E+03 -1.257E+03 . 
0.8 2 0.6 由2.970E+02 -6.379E+01 8.014E+Ol 4.338E+01 
3 1.0 ー2.656E+01 3.253E+Ol -7.096E+00 7.661E+00 I 
4 1.8 ー1.086E-01 -1.831E-01 2.352E+00 2.880E+00 
0.4 -1.474E+03 1.212E+03 -9.113E+02 6ー.984E+02
1.0 2 0.6 -3.119E+02 -4.574E+00 8.301E+01 1.976E+01 
3 1.0 ー2.676E+01 2.813E+01 -6.227E+00 8.518E+00 
4 1.8 -1.089&01 -1. 790E-01 2.196E+00 2.633E+00 
0.4 -1.265E+03 5.806E+01 -7.824E+02 -3.225E+02 
110 1.2 2 0.6 -3.313E+02 4.179E+01 8.336E+01 3.639E+00 
3 1.0 -2.724E+Ol 2.418E+01 -5.125E+00 8.778E+00 
4 1.8 lー.091E-Ol -1.751E-Ol 2.018E+OO 2.394E+00 
0.4 1ー.054E+03 -5.582E+02 由6.455E+02 -2.039E+02 
1.4 2 0.6 同3.568E+02 6.696E+01 7.924E+01 -1.219E+00 I 
3 1.0 -2.782E+Ol 2.144E+01 -4.098E+00 8.020E+00 
4 1.8 由1.097E-01 -1.718E-01 1.861E+00 2.181E+00 
0.4 -8.532E+02 帽7.924E+02 -4.997E+02 -1.974E+02 
1.6 2 0.6 時 3.888E+02 7.655E+Ol 6.925E+Ol ‘6.482E-01 
3 1.0 ー2.833E+Ol 1.984E+01 -3.107E+00 6.648E+00 
4 1.8 -1.107E-01 -1.692E-01 1.667E+00 1.936E+00 
1 0.4 膚6.653E+02 -7.623E+02 -3.411E+02 -1.565E+02 
1.8 2 0.6 -4.283E+02 7.491E+Ol 5.218E+Ol -1.124E+00 
3 1.0 -2.856E+01 1.928E+01 同2.017E+00 5.194E+00 . 
4 1.8 岬 1.126E-01 -1.670E嗣01 1.320E+00 1.511E+OO 
87 
Table 25: Same as Table 22. 
real lmaglnary 
. 
E kF k γk S=17T=0 S=13T=l S=lFT=O 8=1， T=l 
1 0.4 -1.644E+03 2.685E+02 -1.298E+03 -1.978E+03 
0.6 2 0.6 -2.697E+02 3.283E+01 1.138E+02 7.082E+01 
3 1.0 -2.677E+01 2.808E+01 -8.220E+00 8.743E+00 
4 1.8 -1.081E-01 -1.796E-01 2.379E+00 3.714E+00 
1 0.4 -1.518E+03 2.978E+02 -1.171E+03 -1.485E+03 
0.8 2 0.6 -2.835E+02 3.205E+01 1.115E+02 5.149E+01 
3 1.0 ー2.679E+01 2.683E+01 -7.852E+00 8.509E+00 
4 1.8 -1.084E-01 -1.783E-01 2.383E+00 3.436E+00 
1 0.4 -1.348E+03 -1.878E+02 -1.022E+03 -9.244E+02 
1.0 2 0.6 -3.013E+02 5.229E+01 1.083E+02 2.846E+01 
3 1.0 -2.708E+01 2.417E+01 -6.684E+00 8.792E+00 
4 1.8 -1.086E-01 -1.757E-01 2.240E十00 3.114E+00 
1 0.4 -1.159E+03 -6.901E+02 -8.728E+02 -5.770E+02 
140 1.2 2 0.6 -3.235E+02 7.347E+01 1.041E+02 1.413E+01 
3 1.0 -2.767E+01 2.145E+01 -5.497E+00 8.555E+00 
4 1.8 -1.088E-01 国1.728E-01 2.110E+00 2.834E+00 
1 0.4 -9.6!lOE+02 申9.729E+02 7ー.215E+02 -4.538E+02 
1.4 2 0.6 目3.506E+02 8.556E+01 9.641E+01 9.676E+00 
3 1.0 -2.837E+01 1. 947E+01 -4.485E+00 7.512E+00 
4 1.8 -1.092E-01 -1.702E-01 2.006E+OO 2.611E+OO 
1 0.4 7ー.887E+02 -1.077E+03 -5.651E+02 -3.916E+02 
1.6 2 0.6 -3.832E+02 8.995E+01 8.362E+01 8.119E+00 
3 1.0 -2.898E+Ol 1.828E+01 -3.478E+00 6. 193E+00 
4 1.8 時1.102E-01 -1.679E-01 1. 849E+00 2.350E+00 
1 0.4 申6.231E+02 -1.017E+03 -3.997E+02 3ー.008E+02
1.8 2 0.6 -4.223E+02 8.686E+01 6.444E+01 5.314E+00 
3 1.0 -2.925E+01 1.798E+01 -2.372E+00 4.975E+00 






Table 26: Same as Table 22 . 
real . . lmaglnary 
E kF k γk 5=1， T=O 5=1. T=l F S=1. T=O S=1. T=l 
1 0.4 -1.411E+03 -1.427E+03 -1.356E+03 -1.697E+03 
0.6 2 0.6 -2.661E+02 1.041E+02 1.367E+02 5.880E+01 
3 1.0 -2.635E+Ol 2.224E+Ol -6.074E+00 1.024E+Ol 
4 1.8 -1.085&01 1ー.747&01 1.763E+00 4.096E+00 
1 。‘4 -1.328E+03 -1.006E+03 -1.230E+03 -1.477E+03 . 
0.8 2 0.6 -2.786E+02 8.717E+Ol 1.320E+02 5.140E+Ol 
3 1.0 -2.665E+Ol 2.218E+Ol -5.986E+00 8.991E+00 
4 1.8 -1.085E-01 1ー.744E-Ol 1.871E+OO 3.902E+OO 
0.4 -1.195E+03 -9.707E+02 -1.089E+03 -1.092E+03 
1.0 2 0.6 -2.968E+02 8.634E+Ol 1.277E+02 3.626E+Ol 
13 1.0 -2.719E+Ol 2.088E+Ol -5.652E+00 8.430E+OO 
4 1.8 -1.085E-Ol -1. 729E-01 1.969E+00 3.596E+00 
1 0.4 1ー.036E+03 -1.095E+03 -9.394E+02 -8.129E+02 
170 1.2 2 0.6 -3.198E+02 9.220E+Ol 1.218E+02 2.532E+Ol 
1.0 -2.797E+Ol 1.918E+Ol -5.157E+00 7.701E+00 
4 1.8 -1.085E-01 1ー.709E-01 2.043E+OO 3.312E+OO 
0.4 -8.700E+02 1ー.192E+03 -7.832E+02 -6.596E+02 
1.4 2 0.6 -3.475E+02 9.676E+01 1.121E+02 1.990E+Ol 
3 1.0 ー2.883E+01 1. 777E+01 -4.526E+00 6.587E+00 
4 1.8 -1.088&01 -1.688&01 2.066E+00 3.065E+00 
0.4 唱7.119E+02 由1.230E+03 -6.208E+02 -5.366E+02 
. 1.6 2 0.6 3ー.801E+02 9.836E+01 9.718E+01 1.563E+Ol 
3 1.0 -2.957E+Ol 1.689E+Ol -3.700E+00 5.484E+00 
4 1.8 -1.097E-01 . -1. 661E-0 1 1. 984E+OO 2.761E+00 
0.4 -5.696E+02 -1.185E+03 -4.505E+02 -4.024E+02 
1.8 2 0.6 暗4.183E+02 9.567E+01 7.607E+Ol 1.047E+Ol 
3 1.0 -2.995E+01 1.675E+01 時2.627E+OO 4.603E+OO 
• 
4 1.8 -L114E-Ol -1.648E-Ol 1.723E+OO 2.286E+OO 
89 
. 
Table 27: Same as Table 22. 
real lmaglnary 
，. 
E kF k γた S=l，T=0 S=13T=l S=l， T=O S=1. T=l 3 
1 0.4 -1.172E+03 -2.166E+03 -1.432E+03 -1.276E+03 
0.6 2 0.6 骨 2.693E+02 1.397E+02 1.609E+02 4.150E+01 
. 
1.758E+01 -4.486E+00 1. 149E+01 3 1.0 -2.578E+01 
4 1.8 -1.090E-01 -1.708E-Ol 1.371E+00 4.325E+OO 
1 0.4 自1.127E+03 -1.644E+03 -1.301E+03 1ー.399E+03
0.8 2 0.6 -2.796E+02 1. 175E+02 1.531E+02 4.965E+01 
3 1.0 -2.637E+Ol 1.833E+01 -4.327E+OO 8.948E+OO 
4 1.8 -1.087E-01 -1.712E-01 1.471E+00 4.330E+OO 
1 0.4 -1.032E+03 -1.385E+03 四1.154E+03 -1.210E+03 
1.0 2 0.6 -2.965E+02 1.068E+02 1.464E+02 4.347E+Ol 
3 1.0 -2.720E+Ol 1.802E+Ol -4.433E+OO 7.534E+OO 
4 1.8 -1.085E-01 世1.705E-01 1.692E+OO 4.106E+OO 
0.4 申9.049E+02 -1.300E+03 -9.980E+02 -9.850E+02 
200 1.2 2 0.6 情3.190E+02 1.035E+02 1.382E+02 3.524E+01 
3 1.0 -2.821E+Ol 1.718E+Ol -4.483E+OO 6.433E+OO 
4 1.8 由1.083E-01 -1.692E-01 1.917E+OO 3.829E+00 
1 0.4 7ー.646E+02 -1.291E+03 -8.364E+02 -7.937E+02 
1.4 2 0.6 -3.465E+02 1.034E+02 1.267E+02 2.806E+Ol 
3 1.0 -2.925E+Ol 1.628E+01 -4.311E+00 5.441E+00 
4 1.8 -1.085E-Ol -J.675E-Ol 2.072E+00 3.531E+OO 
1 0.4 -6.283E+02 -1.300E+03 -6.696E+02 -6.226E+02 
1.6 2 0.6 -3.787E+02 1.036E+02 1.100E+02 2.122E+01 
3 1.0 -3.014E+Ol 1.566E+Ol 3ー.784E+OO 4.664E+00 
4 1.8 -1.092E-Ol -1.657E-Ol 2.083E+00 3.161E+00 
1 0.4 -5.077E+02 -1.280E+03 -4.957E+02 -4.627E+02 
1.8 2 0.6 -4.159E+02 1.017E+02 8.720E+Ol 1.425E+Ol 
3 1.0 四3.062E+Ol 1.562E+Ol -2.822E+00 4.139E+OO 





Table 28: Parametersαり ofEq. (C.4) for k-mass of CEG07a. 
1 2 3 4 
6.46517E+OO -9.67287E-02 5.23438E-04 -9.98479E-07 
2 -3. 54438E+Ol 7.10919E-Ol -4. 24824E-03 8.47888E-06 
3 6.00630E+Ol -1.29422E+00 8.07824E-03 -1.65244E-05 
Table 29: Same as Table 28 but for CEG07b. 
2 3 4 
6.59390d+00 -9.61823d-02 5.11761d-04 -9.57932d心7
2 -3.56606d+Ol 7. 19885d-Ol -4.21746d-03 8. 19590d-06 
6.14988d+Ol -1.32666d+00 8.09148d-03 -1.59959d-05 
」ー
Table 30: Same ωTable 28 but for CEG07c. 
2 3 4 
1 6. 53759d+00 -1. 00803d-O 1 5.85874d-04 -1.21661d-06 
2 -3.51164d+Ol 7.32156d-Ol -4.57968d-03 9.64243d-06 
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